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PREFACE TO THE SECOND EDITION.

IN 1895, in the preface to the first edition of this little book,
I sought to excuse its imperfect mode of treatment of a wide

and impressive subject. Some slight knowledge of chemistry
and physics may happily be presupposed ;

and the first

chapter, is chiefly intended as a reminder of what may be

learnt in school. The main part of the book, however, is

addressed to those who are willing to look out upon the

world, to those who spend their summer holidays in walking,
or cycling, or travelling in any sense from home ;

and it is

hoped that the details given of certain special districts may
be applied to places immediately familiar to the reader.

Nowadays, when journeys by road have become more than

ever possible, the geography and geology of nearer Europe
are keen realities to many of us

; and, at the risk of incom-

pleteness, I have dwelt as far as possible on things that I

have personally seen.

But it is one thing to see and to enjoy, and another

to seek for an explanation. Hence references have been

given to the work of those who have patiently set us on the

proper path. The wider our view of what others have done,
the more we recognise that science owns no country, and
that in every land we find our colleagues and our friends. In
this spirit, moreover, metric and English measures have been

wilfully mixed throughout the book, especially as Continental

maps are based upon the refined and rational metric system.
Such maps form the best illustrations to many of the de-

scriptions in the text.

In this edition a few new pictures have been added, and
it would be tempting to increase them largely ;

but the

intent, after all, is to urge the reader to see for himself how
"the mountain falling fadeth away, and the rock is removed
out of its place; the waters wear the stones; the over-

flowings thereof wash away the dust of the earth." As was
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said in our former preface, "the great aim of this little book

is to keep in view the fact that geology, like true zoology
and true botany, is a study of the open air. To dissect a

rabbit in the laboratory is a more intellectual exercise than

to shoot him as he runs across the sand-hills
;
but the object

of such study, after all, is the understanding of the rabbit

when alive. The average sportsman, with a careful eye for

the habits of an animal, may at times go nearer towards this

end than the average student at his microscope ; and, similarly,

it is only by a combination of two types of observation that

a sound geologist can be made. Almost all great progress in

natural knowledge has thus been made by those who have

seen and travelled, by those, in fact, who have studied in

Nature's roofless school."

And let me again thank those whose names appear in

connection with the illustrations, and not only these, but

Mr. G. W. Lamplugh, Mr. E. P. Kidley, Mr. Henry Preston,
and others who have helped me, including various corre-

spondents and the publishers of Nature. The view of

Rockall, now added on p. 120, has special interest, seeing
how very rarely this isolated relic has been seen by scientific

observers. Mr. "Welch's photographs, displaying both geo-

logical and artistic judgment, add very greatly to any interest

that the volume may possess ;
and it has been pleasant to

include two from my Father's series, which formed my intro-

duction to geology out-of-doors more than thirty years ago.
It is hoped, in conclusion, that the various changes in the

text may help to bring these open-air studies abreast of our

present knowledge.

GRENVILLE A. J. COLE.

DUBLIN, July, 1902.



TABLE OF CONTENTS

CHAP. PAGE

I. THE MATERIALS OF THE EARTH . .'" . I

II. A MOUNTAIN-HOLLOW . . . . . 28

III. DOWN THE VALLEY . . \ . , ; . 58

IV. ALONG THE SHORE . . .' .87
V. ACROSS THE PLAINS . . . . ,. .121

VI. DEAD VOLCANOES . . . . .148

VII. A GRANITE HIGHLAND . . . . .189

VIII. THE ANNALS OF THE EARTH . . . . 2l6

IX. THE SURREY HILLS . . , . . .244

X. THE FOLDS OF THE MOUNTAINS . . . . "283

INDEX 7TA





LIST OF ILLUSTRATIONS

FULL-PAGE ILLUSTRATIONS

CWM-GLAS, PASS OF L.LANBERIS Frontispiece

I. Waterfall forming an Alcove in Stratified Rocks,

Glencar, Co. Sligo To face page 42

II. Snow-filled Cirque at the base of the Matterhorn,

Switzerland ,, 56

III. Stratified Sands and Gravels, Antrim ... ,,76
IV. The Sea breaking on a rocky coast, near Bally-

castle, Co. Antrim 96

V. The Crater-rim of the Puy de Pariou, Auvergne . ,, 150

VI. Columns at the Giant's Causeway, Co. Antrim, in

Basaltic Lava-flow ,, 172

VII. Dyke of Dolerite, Quarry on Cave Hill, Belfast . 181

VIII. Columnar and massive Lava-flows at Pleaskin Head,

Co. Antrim ,, 183

IX. Granite exposed on slope above the Kilkeel River,

Mourne Mountains, Co. Down . . . . ,, 190

X. Fossil Shells in Pliocene Sands, Felixstowe, Suffolk . ,, 220

XI. Contorted Upper Jurassic Strata, Stare Cove, Lul-

worth, Dorsetshire ... . ,, 284

ILLUSTRATIONS IN TEXT
FIG. PAGE

1. Pot-hole, Glenariff, Co. Antrim 31

2. Cirque and Lake, Lower Lough Bray, Co. Wicklow ... 57

3. Section illustrating the origin of Springs 59

4. Section showing principle of Artesian Springs and Wells, and

origin of Bournes 60

5. Section of Gorge choked with Alluvium ..... 75

6. Section showing a slope of i in 17 79



Xll LIST OF ILLUSTRATIONS

FIG. PAGK

7. Sections of Alpine valley and Scotch glens . '. . . . 83

8. Rockall 120

9. Old Lake-Terraces of the Salt Lake area of Utah . . . 139

10. Landscape in the Hungarian plain . . . . . . 147

11. The island of Vulcano in eruption ... . . . -155
12. Small Cones thrown up on Etna . 159

13. Section of a Volcano . . . . . . . . . 161

14. Floating Scoriae above the Submarine Eruption off Pantelleria . 163

15. Microscopic section of Obsidian 165

16. Microscopic section of Basalt 167

17. The Puy de Lassolas and the Puy de la Vache . . . .176
1 8. Geological Map, showing Lava-flows descending from Puys in

Auvergne -
,

. . . . 177

19. Granite Pinnacles, Mourne Mountains 193

20. Unconformable Junction, with Overlap and Overstep . . .219
21. Internal cast of a Cerithium, Portland Stone . . . .221
22. a. Pecten Beaveri ; b. Pecten cinctus ; c. Pecten islandicus . . 225

23. Trilobites 235

24. Diagram of History of Life on the Earth 243

25. Section across the Surrey Hills 249

26. Section illustrating Variation of Width of Outcrop . . . 253

27. Sand with Spicules of Siliceous Sponges, Hythe Beds, Surrey . 261

28. Ancyloceras gigas . 269

29. Acanthoceras rothomagense 271

30. Actinocamax plenus . . . . . . . . .273
31. Inoceramus Cuvieri . . . . . .... 274

32. Section illustrating Fan-Structure in a Mountain-Chain . . 284

33. Section illustrating Recumbent Folds . . . . . . 284

34. Section across a Fault 285

35. Plan of a Fault in inclined Strata 286

36. Ridges and Valleys formed by Folds in the Jura Mountains . 291

37. Recumbent Synclinal and Folding on the Windgalle . . .297



OPEN-AIR STUDIES

CHAPTER I

THE MATERIALS OF THE EARTH

WHEN we were children, as soon as we could think and
ask questions, most of us tried to find out two important
matters how to make things, and what things are made of.

The little boy who cut open his drum to see where the sound
came from was not so entirely foolish as is sometimes repre-

sented, for he at least made an interesting and valuable

experiment. He learnt in this way that a drum was best

constructed by stretching two thin skins opposite to one

another, and shutting in a quantity of air between them.
He was not satisfied with the mere showy outsides of things,
or with the royal arms of Great Britain and Ireland painted
on the wooden barrel of the drum. He felt that the sound,
which was the great feature of the instrument, must have a

cause
;
and he set to work to find out something about it for

himself. Probably he only got as far as seeing how the
drum was made, and had to ask his father for the reason of

this particular arrangement. But that is what every one has
to do, and why no great discovery is likely to be of use to

us unless we know what other people have previously dis-

covered. In the same way, we cannot write a passably useful

book unless we are near the 50,000 volumes of a well-stocked

public library. Our knowledge in this world does not go on

by jumps and bounds, but by a study of what others have
seen and done, and of the records of their failure or success.

Even if, after a long series of experiments, we have to leave

our old drums damaged and cut open, we may soon have wit

enough to make newer and better ones for the service of

ourselves and our descendants.
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ii was most important that man should

find out 'how *to* make things. He had to build shelters

against the rain
;
he had to find weapons with which to

combat the wild beasts
;
he had to carve out gourds into

vessels in which liquids could be carried. But all these

things were by no means easy, and required a good deal of

observation. Nature was already doing many wonderful

things in the great world round about, and it was well to

watch, and even to imitate, these closely. After all, what-

ever was required by man had to be made out of natural

materials. One result of this struggle with difficulties was
that early man took to studying the stones beneath his feet.

Some of his earliest instruments were made of stone
;
and

we know that many savage tribes have only given up the

use of stone axes and stone arrow-heads since the arrival of

European traders on their coasts. Primitive peoples would
soon observe that some kinds of stone break more easily
than others, that some kinds can be chipped in almost any
direction so as to give a sharp cutting edge, and that some,

again, are far superior in hardness or durability to the

rest. It became important to search among the rocks for

materials suited to each special purpose ;
and thus began,

perhaps, the first researches into the structure of the world

around us.

When native metals were discovered, and when, moreover,
it was found that valuable substances could be extracted by
heat from stones utterly unlike them in appearance, the

study of the earth became a much more complicated matter
;

and at last a few thoughtful persons took to enquiring how
such-and-such materials, used by man in the manufacture of

common things, came themselves to be made in the heart of

the old solid earth. Then began the science of Geology, the

systematic study of the way in which the world is built up,
and of the natural changes which go on within it and upon it.

Even the earliest men must have seen that the earth

changed around them. Floods came down, and covered

smiling landscapes with sand and stones from distant hills
;

volcanoes broke out, and heaped ashes and lava upon the

surface
;
the sea worked against the land, and washed the

coast steadily away ;
while in other places tawny rivers wan-

dered through the plains and thrust their burden of mud in

long banks far to seaward.
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Thus the earth changed its surface, growing at one

place, decaying away at another
;
and men began to realise

that it had a history, beside which their own lives were short

indeed. And yet it is only in the last hundred years or so

that we have been able to read this history at all clearly,
and even now we understand only that end of it which lies

nearest to ourselves.

Before we go out and try to read a page or two of this

history, we must learn something of the materials with

which we have to deal. Of what, then, is the earth actually
made ?

As a matter of fact, we know only a very small part of

the vast globe on which we live. The centre of the earth

lies 4000 miles beneath us, and our mines and borings pene-
trate the great mass to a depth of only about a mile. But,
as we shall see later, the outer layers of the earth have
become wrinkled and folded, so that rocks which once lay
far below the surface have been brought up within our

reach. Hence in some places, immediately under the loose

soil, we may find materials which were formerly ten or

fifteen miles lower down
;
and this enables us to say that

we have some idea of the constitution of the globe to a

depth of fifteen miles from the surface. It is not much,
this mere outer shell, fifteen miles thick all round the

earth
;
but it is all we shall have to deal with, and we

speak of this accessible region as the crust of the earth.

This solid crust is made of rocks. Any workman in a

quarry will tell us, for instance, that granite is a rock, or

that sandstone is a rock. But, when we examine these two

materials, we see that they are made up of distinct particles
which themselves are worth enquiring into. The granite
has clear little lumps, like glass, in it

;
and dull white or

pink bodies, which seem to break across in a regular manner,
with smooth or step-like surfaces

;
and soft flaky things

which reflect the light brilliantly, and which can be pulled

away, or dug out with a knife, in the form of little shining

plates. The sandstone, on the other hand, is made of

practically one kind of material throughout, in the form of

a number of hard and somewhat rounded grains.
In each case we call these constituents, having characters

of their own, the minerals which compose the rock. The

granite consists of at least three distinct minerals, the sand-
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stone of only one. Now, if we break up a rock, and select

a number of fragments of any one kind of mineral, a chemist

will show us that this mineral is itself made up of certain

chemical substances, which he can separate and accurately
determine. He will be able to find out in what proportions
these chemical substances are present, and will thus give us

an account of the chemical constitution of the mineral.

But what about these various substances? They may
be stated by our friendly chemist to be chemical compounds,
and these can be further split up into their elements. Or, to

take the simplest case, our mineral may possibly consist of

merely one element.

Here we may remind ourselves of some of our chemical

notions. We must go back, indeed, to the foundations of

several sciences for the correct understanding of our rocks,

and this first chapter is going to be a serious one, before we
can fairly get out into the country and the open air. But
we must remember that all the things with which we shall

deal are quite natural, all come from the earth itself that

stretches round us
;
and those parts of chemistry and physics

which are possibly a little dull to us seem so merely because

we cannot handle or directly observe the things about which
we are being told. If we could see the tiny

" atoms
"

moving in the " molecule
"
of a substance, we should pro-

bably be as delighted and as fascinated as if we were sitting
on a mountain-peak and watching the great balance of the

stars.

A chemical element is a substance that cannot be split

up, by any means at present in our power, into any other

substances with different properties from those by which it

is itself characterised. It is thus the simplest kind of

material known to us. Gold, silver, copper, and iron are

elements ; sulphur is an element
;

so also is carbon, well

known to us in its commonest form, the " black-lead
"

of

our pencils. There are now about seventy elements known,
and others, at present doubtful, are likely to be added to

the list.

The ancients regarded the earth as an element in itself,

something existing as a foundation for other things, the

remaining elements being air, fire, and water. What we
now know as elements were often treated in earlier times

as varied forms of the same fundamental material
;
but all
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experiment has shown us up to the present that there are

really, in this earth and throughout the mighty universe, a

number of different kinds of matter. To be quite simple in

our conceptions, we might wish to say that all elements are

made up of different arrangements of particles of one first-

formed matter
;
but that would be merely guess-work, and

at present we cannot get beyond our seventy elements.

If we conceive the smallest particle of an element that

can independently exist, we may call such a particle an
atom. It will have a certain weight, and the atoms of

different elements differ in their weights. But any quantity
of matter that we can see, even with a microscope, must
consist of enormous numbers of atoms.

The atoms are said tc be grouped together in molecules,
or "

little masses." Chemists regard the molecule of certain

elements as consisting of only one atom
;
in others, two or

even six atoms may form the molecule. A molecule has

been defined by Professor Tilden as " the smallest quantity
which is able to take part in or result from a chemical

change."
*

A chemical compound is built up of molecules, each of

which consists of atoms of more than one kind. In the

simplest compounds the molecule consists of only two

atoms, one atom of one element being combined with one
of another. The elements have been shown to combine

together in fixed proportions, forming compounds with dis-

tinctive properties. We may hence say that the molecule
of a compound is the smallest particle into which the sub-

stance could be divided while yet retaining its peculiar
chemical constitution. Further splitting might give us cer-

tain simpler compounds; but ultimately the actual atoms,
or groups of similar atoms, of each molecule would be set

free
;

in other words, the compound would separate into

its elements.

All this may seem beyond human observation
;
but large

quantities of molecules of a compound can be dealt with in

our experiments, and large quantities of elementary molecules
can be extracted by chemical processes from them. Or, on
the other hand, we can cause large quantities of elementary
molecules of different kinds to combine together to form

large quantities of molecules of a chemical compound ;
and

1 "Introduction to the Study of Chemical Philosophy," 1876, p. 4.
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in either case, by weighing the quantity of each substance

dealt with, we can find out in what proportions the elements

are combined in any particular compound.
We may now glance backwards, and define an atom as the

smallest quantity of an element that can be driven out of or

caused to enter into a molecule of a compound in the subtle

process of destroying or producing any of the known chemical

combinations of that element. Here we have got down as

far as we can go in the chemical constitution of a mineral.

Minerals are made of chemical substances, which are made
of molecules ;

these molecules consist of atoms either (a) of

different kinds, in which case we are dealing with a com-

pound, or (b) of only one kind, in which case our substance

is an element.

Now we may try to arrive at a definition of a mineral.

Let us look at those which we have separated from the

granite three materials evidently requiring distinct names,

evidently differing markedly in their physical characters.

The clear little lumps are called Quartz, and do not tell us

very much by their external appearance. They break across

with irregular curving fractures, much as glass does
;
and

they have in this case no regular shape. But they are trans-

parent, and also very hard
;

for we cannot scratch them
with a knife, and they, on the other hand, will scratch glass.

Moreover, they will not soften and melt, as glass does, when
held with a pair of forceps in the flame of a Bunsen burner

the gas-burner used in chemical laboratories or in ordinary

gas-stoves. Clearly, they are not grains of glass.
If we give them to a chemist, he will find in them the two

elements, Silicon and Oxygen, always in the proportion of one
atom of silicon to two atoms of oxygen. Quartz is made, in

fact, of the oxide of silicon, commonly called Silica. We may
take any of these grains from granite rocks found anywhere
in the world, and yet their chemical composition will be the

same.

The dull white or pink bodies are called Orthoclase, or

Orthoclase Felspar ; these, as we have already noticed, have
the property of breaking across regularly in certain direc-

tions in two directions, at any rate when struck with a

hammer. This shows that their internal structure, the way
in which the molecules are grouped together, differs from
that of quartz. Moreover, we can see something of their
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external shape ;
it is often regular, and, even on roughly

broken surfaces of the rock, the larger orthoclases are seen

to approach the form of small flat bricks. Then, in turning
about the rock-specimen in the hand, some of these ortho-

clases seem to be built up of two parts ;
that is, one half of

the orthoclase catches the light and gives a bright reflection,

while the other half looks dull
; clearly the planes of fracture

are differently sloped in the two parts of the mineral, and it

has not a perfectly simple internal structure.

A good knife will just scratch the orthoclase, if drawn

firmly across it
;
but orthoclase will scratch ordinary glass ;

we thus learn that it is harder than glass, but not so hard as

quartz. A little splinter of orthoclase can just be melted
after holding it for some time in the flame of a Bunsen

gas-burner.
Our chemist tells us that this mineral is more complex

than quartz. He finds in it Silicon, Oxygen, Aluminium,
Potassium, and generally Sodium. The proportion of these

elements to one another is always the same, except in the

case of the two last named. Sometimes there is only potas-
sium present, and no sodium

;
sometimes sodium occurs, and

then there is less potassium. We say that the potassium may
be replaced in part by sodium without the principal charac-

teristics of the mineral being altered. In such cases it must
be a matter of general consent and judgment as to whether
we are to call the mineral by a new name when such a re-

placement occurs. The atoms of sodium are lighter than
those of potassium ;

but any difference in the weight of a

given bulk of orthoclase, according as it contains potassium,
or both potassium and sodium, would be very trifling. Cases
often occur, moreover, where a lighter element replaces a

heavier one, and yet the resulting variety of the mineral is

actually heavier than the ordinary form. The molecules con-

taining the lighter element must in such cases lie closer

together, i.e., there must be more of them in a given space,
than occurs when only molecules containing the heavier
element are present.

So we may note that the chemical composition of some
minerals may vary slightly, varieties being set up which are

grouped together under the common mineral name. A mole-
cule of our typical orthoclase contains 2 atoms of potassium,
2 of aluminium, 6 of silicon, and 16 of oxygen. But in most
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specimens of orthoclase there are some molecules in which

two atoms of sodium take the place of the two atoms of potas-
sium. When such molecules are shown by a chemical analysis
to be numerous, we call the mineral variety Soda-Orthoclase.

Our third mineral in the granite is called Mica the plate-

like substance which is easily dug out with the knife, and

which gives such a shining appearance to many specimens of

the rock. Some micas are pale and silvery ;
others are quite

dark, being bronze-coloured or black
;
but they have many

characters in common. Again and again their proper form

can be seen
;
their molecules are clearly capable of building

up six-sided plates. This structure is so common that it can-

not be accidental ;
and careful measures show that the angles

of the hexagonal figure are kept the same in the same chemical

variety. Such a structure is called a crystal ;
and a little

observation will show us that the orthoclase also is in the

form of crystals, though they have probably not been able to

grow to such perfection. The mica splits very easily in one

direction, so that we can flake off thin flexible plates ;
and

even the blacker micas are no longer opaque when one of their

thin plates is held up to the light. The mineral is quite soft,

and can often be scratched by the thumb-nail.

The chemical composition of the micas is still more

complex than that of the orthoclase felspar, but all common
varieties contain Silicon, Oxygen, Aluminium, Potassium,

Magnesium, Iron, and Hydrogen. The pale varieties con-

tain little iron and usually little magnesium ;
the dark

varieties are richer in these elements and poorer in silicon

and aluminium. There may be a good deal of replacement
of one element by another in the mica series, the general
external characters being retained

;
and several different

kinds or species of mica are recognised, and are known by
distinct mineral names.

If we are so fortunate as to find a granite with a number
of small hollows in it, perhaps half-an-inch or an inch across,

such as occur in the famous rocks of the northern part of

the Mourne Mountains, then we may see that all the

minerals which we have discussed are capable of forming
crystals, wherever freedom is given to them and when they
are not too much squeezed together. In such hollows we
find the mica, and the orthoclase, and the quartz itself,

delicately crystallised, beautifully and regularly shaped, so
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that persons looking at the handsome crystals in public
collections often think that they have been artificially cut

and polished. But you have only to go into the hills, and

search in cracks and hollows for yourselves, to find that

crystals occur naturally, and that they are, indeed, the form

frequently adopted by natural chemical substances. And,

further, the crystals of one compound usually differ from

those of another
;
the sides make different angles one with

another, even if the forms are very much alike; so that,

by careful observation and measurement of the angles in

various crystals, we can use the outer shape to help us in

determining the nature of the mineral.

And now we can at last arrive at our definition. A
mineral is a natural substance, formed without the action of

plants or animals. Its chemical composition is constant, or

varies only "by a well-defined series of chemical replacements.

Under favourable conditions, it assumes a crystalline form.
One mineral is known from another by a number of

characters which must be considered all together ;
and

these will be found stated in any text- book of mineralogy.
1

Let us run over the most important of these characters

here.

i. Colour. When there are several minerals in a rock,

this character often clearly marks out one from another.

But it is of far less importance than might be supposed,
since many common minerals are coloured by some trifling

impurity; a sort of stain runs through them, as it were,
and in their pure condition they are colourless. Metallic

ores, however, usually have characteristic colours ;
thus Iron

Pyrites, the common iron sulphide, is brass-yellow, and
Native Copper, the natural element, is copper-red. But, on

the other hand, the red gem Ruby and the blue Sapphire are

mere varieties of the same mineral species, Corundum, the

composition of both being aluminium oxide coloured by a

substance very insignificant in amount. 2 Hence we must

1 Such as Hatch, "Mineralogy" (Whittaker & Co.) ; Rutley, "Mineralogy"
(T. Murby).

2 Artificial corundum has been coloured red (ruby) by adding chromium
fluoride to the materials employed ; and, curiously enough, the addition of

this same substance in varying proportions has given rise to sapphires and to

a green variety. Rubies have also been made by adding potassium bichro-

mate, and sapphires by adding cobalt oxide (Fouque' and LeVy, Synth&sc
dcs Mineraux et des Roches, pp. 220 and 222).
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rely on other characters besides colour in the determining
of a mineral species.

2. Transparency or Opacity. Some minerals are

characteristically transparent in thin flakes, at any rate.

Here, again, impurities, and chemical changes as the mineral

alters or decays, may render a clear substance finally opaque.
Calcite (calcium carbonate) is typically transparent ;

Iron

Pyrites is opaque, even when ground down thinner than a

sheet of notepaper.

3. Lustre. Some minerals reflect light brilliantly, like

Quartz and Rock-Salt, which are said to have a "glassy
lustre," because of their resemblance in this respect to glass.

Others, as Iron Pyrites, look like polished metal, and are

said to have a "metallic lustre." Others are quite dull and

earthy, like Wad, one of the hydrous manganese oxides.

4. Malleability and Brittleness. Some minerals can
be hammered out without breaking, and are said to be
"
malleable," as Native Gold. Others are brittle, and fly

to pieces when struck, as Iron Pyrites or Quartz.

5. Hardness. This is one of the most important and
useful characters. A mineral may be brittle, and yet may
be soft enough to be cut into with a knife, like Copper
Pyrites (sulphide of copper and iron) ;

or it may be brittle,

and yet too hard to be scratched with a knife, like Iron

Pyrites. For our present purposes, we may note three kinds

of hardness among minerals :

a. Some minerals cannot be scratched by a good knife.

&. Some minerals can be scratched by a knife, but not

by the thumb-nail.

c. Some minerals can be scratched by the thumb-nail.

Sometimes, in examining our rocks, it is difficult to

say if some small projecting grain is hard or soft; we
cannot determine whether we can scratch it, for fear of

demolishing it or removing it altogether. In such cases

we may draw it across the side of the knife-blade or across

our thumb-nail, and see if it scratches either of these, in

which case it is harder than the substance scratched. If

the mineral is in the form of loose grains, like those broken
from a sandstone, they can be stuck on to a piece of wood by
some firm cement, such as the old bicycle-tyre cement, with

their sharp little points sticking out above the surface
;
and
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then, held by this handle, we can draw them across the

knife or across the thumb-nail. Another plan is to squeeze
them between two plates of glass, such as the slips used for

mounting microscopic objects ;
it is easy then to see whether

the little grains are scratching the surface of the glass.
6. Streak. The colour of the powder of a mineral,

produced by cutting into it or by crushing it out under
a clean hammer upon white paper, is called its

" streak."

Every time that we use an ordinary pencil we see the

streak of Graphite (one form of carbon), the mineral known

popularly as " black-lead."

7. Flexibility. Some minerals can be bent, especially
in thin flakes, and remain in the form thus given to them.

They are then said to be "flexible."

8. Elasticity. Other minerals are said to be "
elastic,"

when, like Mica, they spring back into their former shape
after being bent.

9. Specific Gravity. The statement of the Specific

Gravity of a substance expresses its relative weight as com-

pared with pure water at a temperature in most English

experiments of 60 F. If we say that a mineral has a

specific gravity of 3, we mean that any given bulk of it

is three times as heavy as an equal bulk of water at

60 F. A cubic inch of it would thus weigh as much as

three cubic inches of water at that temperature. Most
minerals of common occurrence have a specific gravity be-

tween 2 and 3.5. Meerschaum, used for the bowls of pipes,
is as low as 1.5, while Gold is as high as 19.3, and a native

alloy of Platinum and Iridium actually reaches 23.
In the beautiful system of weights and measures in-

vented in France, and now used by almost all civilised

peoples, the specific gravity of a mineral or a rock at once
tells us how much space a given weight of it will occupy,
or, on the other hand, how much a given bulk of it will

weigh. In this system the weight known as I gramme is the

weight of a bulk of water occupying I cubic centimetre at a

temperature of 4 C. Hence, adopting this temperature for

the experiments, i gramme of a substance of a specific

gravity of 5 will occupy i~5th of a cubic centimetre, or 2OD
cubic millimetres, and 100 grammes of it will occupy 20
cubic centimetres. On the other hand, to take another

example, 700 cubic centimetres of a mineral with a specific
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gravity of 2.5 will weigh 700 X 2.5, or 17 50 grammes. This

is only one example of the admirable convenience of the
" metric

"
system of weights and measures, when compared

with the cumbrous and old-fashioned systems which English-

speaking children have unfortunately still to learn. 1

10. External Form. In rocks so many causes tend to

prevent a mineral from getting a fair chance of assuming a

crystalline form, that the outer shape is of small importance
compared with many other characters. But to the mineralo-

gist it is a great means of distinguishing mineral species,
and the forms observed are grouped in six "

systems
"
accord-

ing to their greater or less degree of symmetry. The smooth
surfaces of unbroken crystals, making definite angles one
with another, are called their faces, and the number of these

faces, and their relations to one another, show the degree of

symmetry of the crystal.
If you cut an exact square out of paper, you will find

that it is a highly symmetrical form
; i.e., you can cut it

across in four directions so that the two pieces produced are

equal and of the same shape, covering one another exactly
when the one piece is turned over so as to lie upon the other.

Then, if you cut out two equal squares, and stand them up-

right in such a position that a line joining their centres is

at right angles to both of them, you have a still more sym-
metrical arrangement formed by two "faces" of a possible

crystal ;
a pin may be run through the centres of the squares

so as to hold them in this position. Now make the distance

between the squares equal to the length of one of their

sides, and close in the figure by four other squares of the

same size; we now have a cube, bounded by six similar

faces. This is a solid figure it represents a common natural

crystal-form which is of the highest known degree of

crystal symmetry. You can carve nine such forms out of

some soft stuff, say a potato, and place them side by side
;

each one may now be cut through in a different direction,

so that in each case two halves result precisely similar to

one another, being merely reversed in position with re-

gard to the centre of the cube. The surface of division

between the two halves is in each case called a plane of

1 For an account of simple apparatus for determining specific gravity, and
for measuring the angles of crystals, &c., see "Aids in Practical Geology"
(Griffin & Co.), 4th ed., pp. 15-32.
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symmetry ; the half on one side of it is, as it were, an exact

reflection of that upon the other. Hence we say that the

cube has nine planes of symmetry. A plane of symmetry
must always pass through the centre of the crystal.

The six systems under which crystals are arranged have

received names which need not be explained here, but which

may be stated for ready reference. They are :

I. The Cubic system, with 9 planes of symmetry.
II. The Hexagonal system, with 7 planes of symmetry.

III. The Tetragonal, with 5 planes of symmetry.
IV. The Rhombic, with 3 planes of symmetry.
V. The Monoclinic, with i plane of symmetry.

VI. The Tridinic, with no plane of symmetry.

A Triclinic crystal, then, cannot be cut in any direction

so as to produce two symmetrical evenly balanced halves.

The symmetry of natural crystals is often spoilt by certain

faces growing larger than the corresponding ones on the

other side of what ought to be a plane of symmetry ;
but

mineralogists discover what the symmetry properly should

have been by measuring the angles between the faces and

noting how they repeat themselves exactly in certain sets

all round the crystal.
The description of crystals is outside the range of this

little book
;
when we have become interested in observing

their various forms in nature, we shall some day want to

turn to one of the simple works on mineralogy for further

guidance. At present I have tried to give some slight idea as to

why we say a mineral crystallises in such-and-such a system.
The same chemical substance sometimes crystallises in

two, or rarely in three, systems. In such cases we have two
or even three mineral species, the chemical composition of

which is identical, but which differ in hardness and specific

gravity, and perhaps in other physical characters, as well as

in outward form.

ii. Twinning. Some crystals are built up of two or

more parts placed in a singular relation one to another. If

you take two bricks out of a child's toy-box, and paint one

of the flat sides of each red, and stand the two bricks up on

end parallel to one another, their red sides facing in the same

direction, they may be regarded as two crystals standing in

similar positions. If we stick the two together, with the red

side of one touching the plain side of the other, we have
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merely, as it were, made a crystal of twice the bulk of each of

the original separate ones. But if we turn one brick round,
either on the end on which it is standing, or else by lifting

it, turning its lower end upwards, and setting it down again,
then the two red sides either face one another or face away
from one another. Stick the two red faces or the two plain
faces together, and we produce a form in which the two

halves are reversed in position, and one must be turned back

again through 180 before it corresponds in position with

the other. The parts of some crystals are related in this

curious way to one another, and such compound forms are

called "twin-crystals." It is as if the original crystal had

been cut through the centre, and one half had been turned

through an angle of 180 and then stuck against the other

half again. This may take place several times in one crystal,

the molecules in one layer building up a structure which

differs in position by 180 from that in the adjoining layer.

Orthoclase felspar, which we have already seen in the granite

(p. 7), is thus simply "twinned," and the two halves catch

the light differently, because the internal structures are not

parallel in them
;

other species of felspar are repeatedly

twinned, with perhaps twenty layers in a thickness of a

millimetre.

12. Cleavage. In examining the felspar and mica of

a granite rock, we saw how these minerals broke regularly,
how they split by preference along certain regular planes.
Such minerals are said to be "cleaved," or to have a

"cleavage." Planes of weakness run through them, which

are found to be related to the crystalline form when this

also is developed. These "
cleavage-planes

"
are, in fact,

always parallel to some plane that might occur on some

possible crystal of the mineral. Again and again we know

by the occurrence of cleavage that we are dealing with a

crystalline mineral, that is, one in which the molecules are

duly arranged, even though the outer form was never per-
fected or has been worn down and rubbed away.

Some minerals, like Calcite, have three perfect sets of

cleavage-planes, and can hardly be broken except along
these planes, every tiny fragment coming away like a little

independent six-sided crystal. Other minerals, like Quartz,
are known by the absence of cleavage, and consequently by
breaking in any direction with an irregular curving fracture.



THE MATERIALS OF THE EARTH I 5

13. Magnetism. A few minerals can be attracted by a

magnet when finely enough broken into powder. Magnetite

(one of the iron oxides) and Pyrrhotine (an iron sulphide)
attract particles of their own powder.

14. Chemical Composition. This all-important char-

acter is here placed last, owing to the special and often

laborious tests required for its correct observation. Many
minerals cannot be distinguished by a mere qualitative exa-

mination, but we must ascertain the exact proportions in

which their constituents are present before we can assign
them to their proper species. However, with good refer-

ence-books to hand, a few simple tests for particular
chemical elements, combined with the observation of the

physical characters of the mineral, will commonly give us

the clue without a complete quantitative analysis. Unfor-

tunately, the silicates are among the most abundant sub-

stances in the earth's crust, and the minerals formed from
them are by far the most difficult to analyse. The elements
combined with the silicon yield their characteristic reactions

much more feebly than when combined only with oxygen,
with chlorine, or with sulphur ;

most mineral silicates, in

fact, resist simple attempts to split them up, and yet the

proportions of their constituents are a fundamental matter
in the determination of their exact species.

Now that we know the prominent characters of a mineral,
we may proceed to define a rock. A liock is a natural aggre-

gate of mineral particles, either of one or of different kinds.

The particles may be in the form of crystals, closely fitted

into one another; or one of the minerals may serve as a

cement to unite the whole together ;
or the mineral particles

may lie loosely together, as in sand. Sometimes, but rarely,
the materials have not separated out into distinct minerals,
but have remained as a natural glass, all melted together
and uncrystallised.

If we search through the rocks known to us from all

quarters of the globe, we shall soon find that the earth's

crust is formed mainly of a few minerals repeated over
and over again. Specimens showing most of the essential

characters of these minerals can be obtained from any
geological dealer

;
and they will serve as a reference-series

with which to compare the specimens that we may collect
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for ourselves in the open air. We will now run over the list

of the minerals that are most important for our present
observations.

I. Oxides.

Quartz. Silicon oxide (silica). Colourless. Transparent
to milky ; glassy lustre. Harder than the knife. Specific

gravity 2.65. Hexagonal system of crystallisation ;
com-

monly known in small grains, or as duller and more milky
masses filling cracks in rocks

; crystallises in hollows, &c., as

six-sided prisms capped by pyramids, which also have six

sides. No cleavage. One of the very commonest minerals.

Sandstone is formed of grains of quartz.

Opal. Uncrystallised silica, partly hydrous. Glassy and

transparent. The variety used as a gem contains layers of

different density, which produce a play of colours. Un-
scratched by knife. Specific gravity 2.25.

Chalcedony (Flint). Minutely crystalline silica, with

probably a little opal. Unscratched by knife. Formed in

cracks and hollows of rocks, or as lumps replacing limestone

(common flints).

Magnetite. Iron oxide, each molecule containing 3
atoms of iron to 4 of oxygen. Black and opaque. Lustre

somewhat like that of the black-lead in a pencil. Harder
than knife. Specific gravity 5. Cubic system, crystallising
in little double pyramids, the faces of which are eight equi-
lateral triangles. Easily attracted by magnet, and attracts

iron filings, as well as its own powder. Occurs often as

tiny grains scattered through a rock.

Limonite. Hydrated iron oxide, the molecule containing
6 atoms of hydrogen, 4 of iron, and 9 of oxygen. Warm
yellow-brown ; opaque and usually dull. Sometimes quite
soft and powdery. Streak yellow-brown. Crystalline form
unknown. This mineral consists of common iron rust, and
forms most of the brown stains in rocks, resulting as it does

from the decomposition and alteration of minerals containing
iron. Magnetite is often coloured brown by this action on
its exterior.

Water. Hydrogen oxide. The solid form of water, Ice,
occurs in vast masses on the earth's surface, and must thus

be considered as a common rock-forming mineral. Hexa-

gonal system.
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II. Chlorides.

Rock-Salt. Sodium chloride. Colourless, unless tinged
with an impurity, such as limonite

; transparent ;
lustre

glassy on good surfaces. Easily scratched by the knife,

and even by the thumb-nail. Cubic system, forming cubes.

Soluble in water, and easily known by its taste.

III. Sulphides.

Iron Pyrites. Iron sulphide, with 2 atoms of sulphur
to I of iron. Brass-yellow and opaque; metallic lustre.

Not scratched by knife. Specific gravity nearly 5. There
are two species included under this name: one, called

Pyrite, crystallises in the cubic system, often forming neat

little cubes, and being well seen in slaty rocks
;
the other,

Marcasite, is rhombic, and commonly occurs as a replace-

ment, or forming casts, of fossils, so that we see shells, and
even fishes' teeth and spines, preserved in this bright brassy
material. Marcasite, however, decomposes rapidly, giving
off fluffy white products ;

while Pyrite can be easily kept in

collections. Pyrite alters slowly in nature, where exposed,
into soft brown powdery limonite.

IV. Carbonates.

Calcite. Calcium carbonate (i atom of calcium, I of

carbon, and 3 of oxygen in each molecule). Colourless and

transparent. Lustre almost glassy. Easily scratched by
knife, and thus at once distinguished from quartz. Specific

gravity 2.72. Hexagonal system, forms very various; but

all break up along three perfect series of cleavage-planes
when struck. Calcite is a very common mineral, forming
the rocks called Limestone and Marble, in which it is often

coloured by impurities. When a drop of acid, such as

hydrochloric or sulphuric acid, or strong vinegar, is placed
on calcite, the mineral begins to dissolve, freely giving oft

bubbles of carbon dioxide gas.

Aragonite. Same composition as calcite, but rhombic
in crystallisation. General characters similar, but specific

gravity 2.93. Rarer than calcite
;
but many sea-shells are

B
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made of aragonite, while others are made of calcite. Be-

haves like calcite with acids.

Dolomite. Calcium carbonate and magnesium carbonate

in equal proportions, forming a compound carbonate. The
constituent elements are thus calcium, magnesium, carbon,

and oxygen. Generally resembles calcite, even in cleavage,

but specific gravity 2.85. Hexgonal system. Gives off little

or no gas in acid unless the liquid is heated.

Chalybite. Iron carbonate. Faintly brown
;

lustre

almost glassy. Generally resembles calcite, even in cleavage,
but specific gravity nearly 4. Hexagonal system. Often

occurs imperfectly crystallised, forming great nodules and

lumps in clays, and often surrounding fossils.

V. Sulphates.

Gypsum. Hydrous calcium sulphate, each molecule

containing 4 atoms of hydrogen, I of calcium, I of sulphur,
and 6 of oxygen. Colourless and transparent ; glassy
lustre. Scratched by thumb-nail, and thus at once dis-

tinguished from calcite. Flexible in thin plates. Specific

gravity only 2.3. Monoclinic system, often forming some-
what flat crystals; often, however, fibrous. One cleavage

very conspicuous. Occurs in clays, as detached crystals and
as plates and veins

;
when present in considerable quantity,

forms the rock known as Alabaster.

VI. Silicates.

First we may take three of the group known as the

Felspars.
Orthoclase Felspar. Potassium aluminium silicate,

usually with some sodium, as we have already mentioned
farther back (p. 7), when we were considering the chemical

composition of minerals in general. Colourless, with glassy
lustre, when quite unaltered, but commonly duller white or

pink. Just scratched by a good knife. Specific gravity
2.56. Monoclinic system, usually in forms somewhat flattened

in one direction. Crystals almost always simply twinned,
as can be seen upon broken surfaces. Two perfect cleavages,
at right angles to one another, whence the name Orthoclase.

Albite Felspar. Composition similar to orthoclase, but
sodium entirely takes the place of the potassium. In
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general appearance like orthoclase, but only rarely of a

pink colour. Just scratched by knife. Specific gravity 2.6.

Triclinic system ; repeatedly twinned, so that the crystals
are built up of delicate alternating layers. Two good
cleavages, which are not exactly at right angles.

Anorthite Felspar. Calcium aluminium silicate, the

molecule containiug i atom of calcium, 2 atoms of

aluminium, 2 of silicon, and 8 of oxygen. Resembles

the other felspars in appearance ; commonly dull white.

Just scratched by knife. Specific gravity 2.72. Triclinic

system ; repeatedly twinned.

The species of felspar form a closely connected series,

Oligoclase, sodium calcium aluminium silicate, and

Labradorite, calcium sodium aluminium silicate, being
forms intermediate in composition between albite and anor-

thite, and also crystallising in the triclinic system ;
the

former contains more sodium than calcium, and the latter

more calcium than sodium. These very common minerals,
the felspars, provide us, as we shall see, with important
products when they decay away. All the felspars except
orthoclase, being triclinic, have their two chief cleavages
not perpendicular to one another, and are classed together
as "

slanting-cleaved
"
or Plagioclase felspars.

Next comes a group of minerals rich in magnesium and
iron.

There is one series known as the Ampkiboles, from
which we may select the common species Hornblende.
This is a complex silicate of magnesium, iron, aluminium,
and usually some calcium. Colour dark green, dark brown,
or black

; glassy lustre when fresh. Scratched by knife,

but not easily. Specific gravity 3. Monoclinic system;
often occurs as long prisms and fibrous groups. Two fair

cleavages at about 120 (precisely 124 30') to one another.

From another important series, the Pyroxenes, some of

which are monoclinic and some rhombic, we may choose

Augite. In composition this mineral may be identical with

hornblende
;

it is similarly dark in colour, is just scratched

by the knife, has a specific gravity of 3, and is monoclinic.

But it typically forms shorter prisms, and the angles between
the faces of the crystals differ from those of hornblende.

The two cleavages similarly differ, being practically at 90
(precisely 92 55') instead of at about 120. Hornblende
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and augite are interesting examples of how the same sub-

stance may assume, under different conditions of growth, a

distinct set of crystal forms. If hornblende is melted up and
made to crystallise again on cooling, the forms produced are

those of augite. On the other hand, in rocks a slow natural

change goes on, by which the molecules in crystals of augite

rearrange themselves and produce crystals of hornblende.

Hornblende thus seems to be the more lasting and settled

and steady-going form to which these molecules give rise.

Some pyroxenes, closely allied to augite, contain soda mole-

cules, and may be styled soda-pyroxenes. The rhombic

pyroxenes do not contain alumina, being silicates of mag-
nesium and iron, with about 50 per cent, of silica.

Olivine. Magnesium iron silicate, without aluminium, and
with less silica than the pyroxenes and amphiboles. Yellow-

green or brownish yellow ; transparent, with glassy lustre,

when fresh, but decomposes readily to dull brown and deep
black-green patches. Not scratched by knife when fresh,

but commonly quite soft and altered. Specific gravity 3.3
when fresh. Rhombic system, but usually occurs merely as

somewhat rounded grains. Two cleavages often seen, break-

ing the crystal up into minute brick-like masses. During
alteration, the mineral takes up water, turns out some of its

iron atoms, and forms the soft green, black, or reddened
mineral called Serpentine. Rocks largely composed of

olivine thus decompose, and form the ornamental serpen-
tine rocks.

We have already (p. 8) discussed some of the characters

of the next minerals, the Mica series. Muscovite Mica is

a hydrated silicate of potassium, sodium, and aluminium,

differing from orthoclase by containing some combined

water, and by the silica forming only about 45 instead of

65 per cent, of the total weight of the mineral. Colour-

less to bronze-brown; transparent in flakes, and used for

covering gas-globes and lamp chimneys. Silvery lustre.

Just scratched by thumb-nail
;

the knife scratches it

very easily, with a characteristic grating sound. Specific

gravity nearly 3. Monoclinic
; commonly forms six-sided

plates. Perfect cleavage, splitting up the crystals into

the most delicate transparent layers. These layers are

elastic.

Biotite Mica is a hydrated silicate of potassium,aluminium,
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magnesium, and iron, the proportion by weight of the silica

being less than in muscovite. Dark bronze, black, or dark

green ;
translucent in thin flakes. Hardness and other ex-

ternal characters like muscovite. It is sometimes impossible
to distinguish specimens of muscovite and biotite without

chemical or microscopic tests. For our purposes in our walks

abroad, it will be sufficient if we can recognise such a mineral

as one of the Mica series.

Chlorite. Hydrous aluminium magnesium iron silicate.

Dark green, generally resembling a green mica, but some-

what duller, and very easily scratched by the thumb-nail.

This mineral commonly occurs as a product of the slow

alteration of amphiboles, pyroxenes, and micas, and gives a

prevalent green tinge to many decomposing rocks.

Kaolin. Hydrated aluminium silicate, the molecule con-

taining 4 atoms of hydrogen, 2 of aluminium, 2 of silicon,

and 9 of oxygen. White and powdery, dull in lustre, re-

sembling flour. Specific gravity about 2.5. Rarely found

crystallised, when it forms small six-sided plates. Kaolin

is the common product of the decomposition of potassium
and sodium felspars and of similar minerals rich in alumi-

nium
;
mixed with iron oxides and animal and vegetable

stainings, it forms the bulk of all the common rocks called

Clays.
We have now enumerated some twenty-six minerals

which we shall commonly meet with in our observations

of the earth's crust. One point must have been forced

upon us in glancing over the descriptions. These common
minerals consist of only a very small number of the seventy
known chemical elements. The part played in the earth

by the rarer elements is possibly of great importance. Small
additions of them to a mineral may, perhaps, change its

mode of growth or its whole physical characters and external

aspect ; just as, in making metallic castings, very small

admixtures of some element may make a world of difference

in the toughness and hardness of the finished product.

But, if we have now correctly enumerated the commonest
minerals of the earth's crust, the bulk of that crust, at

any rate, must clearly be made up of a limited number of

constituents.

Mr. F. W. Clarke 1
gives us the following estimate of

1 Bull. U.S. Qeol. Survey, No. 78 (1891), p, 39; No. 148 (1897); and

especially No. 168 (1900), p. 15.
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the proportion by weight in which the elements occur in the
" entire solid crnst of the earth

"
:

Oxvsren
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it were composed of only one kind of material. We may
overcome this difficulty by various methods which have been

devised for separating the constituents of rocks.

The rock must first be broken up with a hammer, all the

fine dust and smaller fragments being preserved, together
with the larger pieces. A great deal can then be done by
simply throwing the whole material into a shallow pie-dish or

a soup-plate, and washing well with water. The water is

poured upon the powdered rock, is well shaken, and is then

poured off again into another dish. It carries with it much
of the finer material, and this can be entirely removed if the

operation is again and again repeated. Soon we have re-

maining in our original dish only the coarser and less useful

fragments, and we can give our attention to the second dish.

Here it may be worth while to make a further separation,
and to wash off the very finest material into a third dish.

Our object will be to produce a material in which the par-
ticles are so small that each consists practically of only one
kind of mineral. We must examine the product from time

to time with a hand-lens, until we can see the lighter and
darker constituents lying cleanly side by side. Then we can

take a small quantity of this material say, enough to cover a

sixpence and dry it gently on a clean piece of brass or iron

over a lamp or candle. The iron may be held with a pair of

pliers during the gentle heating.
When dry the particles will roll about freely, and any

specially desirable ones can be picked out from the rest.

A moist colour-brush is good for this purpose, the lens

being held in one hand and the brush in the other. The
brush is dipped in water and a fine point is given to it

; any
of the little grains stick to it when touched, and can be

deposited in some safe vessel for examination. The common
circular earthenware palettes of children's colour-boxes are

good receptacles for the minerals during sorting.
When we have thus extracted a number of examples of

the minerals that look different from one another, rejecting
all grains that are composed of more than one mineral, we
can test these materials in various ways. Their hardness

can be found by sticking them on to a handle of wood as

suggested on p. 10, and drawing a knife, or other minerals

of known hardness, or the thumb-nail, across them. Refined

but easily applied methods have been invented for determin-
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ing even the specific gravity of minute grains.
1 Chemical

tests can also be brought to bear. A drop of hydrochloric
acid, or other chemical reagent, can be placed upon an

isolated mineral grain, which is suitably supported on a

square of glass, and the resulting action or absence of action

can be examined with a lens or a microscope.
The microscope was used by the French observer, Cordier,

in i8i5
2 for the determination of tiny mineral specimens

such as these
;
and he compared his particles with those

obtained by powdering up known minerals. In this way
he proved that some rocks, which were supposed to be of

uniform constitution throughout, were in reality composed
of several distinct minerals, held together, in some cases,

by uncrystallised glassy material lying between their grains.
Cordier used sieves of various degrees of fineness, through

which to sift the powdered materials. This forms one of the

very best means of separation; but the production of a

suitably fine sample by mere washing is quite practicable,
and is so simple that any one can attempt it with ordinary

household-apparatus. But the work must be done near a

sink, or in some place where no one will object to the

splashing of a little water.

Magnetite, and fragments in which even a small propor-
tion of magnetite occurs, can be picked out from powdered
rocks by merely passing a dry magnet over the powder.
The magnet must be in no way damp, or grains of the other

minerals will stick to it if touched.

When it is necessary to know how the minerals in a

rock are related to one another, and what their exact arrange-
ment is in the mass, a flat surface can be produced on part
of the rock-specimen by grinding ;

it can then be polished,
and can be inspected with the lens or microscope. Thus
the various mineral constituents may usually be clearly seen

in place. The grinding-down can be done most conveniently

by getting a piece of lead about six or seven inches square
and strewing emery upon it. Emery of suitable fineness is

called "9O-hole," since it is sifted through a sieve with

90 holes to an inch, or 8100 to the square inch. Emery
can be bought cheaply from an oil-and-colour merchant or

an ironmonger. The emery powder is scattered on the lead

1 See "Aids in Practical Geology," p. 28.
2 Journal de Physique, tome Ixxxiii. (1816), pp. 135, 285, and 352.
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plate, and is made into a thin paste with water
;
then a

small lump of the rock is held in the hand and is rubbed
about on the plate with a circular motion, being all the time

pressed firmly down. Water must be added from time to

time. When a fairly smooth surface has been produced,
the specimen should be washed and further ground down

upon a square of plate-glass, cut from the " remainders
"

of a glazier's yard ;
on this glass a finer emery known as

"flour-emery" should be scattered. Plenty of water must
be used. The specimen is again washed, and the surface

may often be examined successfully in a wet state under
the microscope, appearing then as if polished. Or it may
be varnished over, which serves the same purpose in pro-

ducing a good smooth surface. Or it may be fairly polished

by rubbing briskly on an old worn carpet, the dust in this

helping the operation. The rock gets rather hot to hold, by
reason of the rapid friction, and water cannot now be used

;

but the brisk work of a very few minutes will produce a

useful polish. Professional polishing is done with rouge (pow-
dered haematite) upon a stretched surface of wash-leather.

Sometimes it is a great advantage to grind a piece of

the rock so thin that the light shines through it, in which
state it can be examined as a transparent object under the

microscope. This is by no means so difficult as at first appears,
and any friend accustomed to use the microscope would be

willing to assist in the final mounting of the specimen. The

simplest way to prepare rock-sections is as follows :

1 . Choose a fragment of the rock, as flake-like and as thin
as possible, and about an inch square, and grind down one
surface with emery. (See directions above given.)

2. Finish this surface carefully by rubbing, with plenty of

water, on a Water-of-Ayr hone, to be obtained of any good
tool-shop.

3. Get some ordinary glass slips for mounting microscopic
objects, measuring three inches by one inch

; dry the rock-

flake, and cement its smooth surface to one of these with
stiff Canada balsam (procurable from a chemist). Heat the

slip gently on a piece of metal supported over a lamp, until

the balsam slowly gives up the spirit in it, and remains liquid

only by reason of the high temperature. This stage can be

judged of by dipping the end of a wooden match from time
to time into the balsam round the specimen. The balsam
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brought away cools quickly in the air, and when it is seen to

become brittle on cooling the operation has gone far enough.

4. Then press the specimen firmly down upon the glass

slip, to drive out any bubbles under it
;
remove it from the

lamp and let it slowly cool.

5. Now, using the glass as a handle, grind down the re-

maining rough surface of the rock. In this way the speci-
men will gradually become possessed of two parallel surfaces

;

it will become thinner and thinner, until light begins to be

visible through it; and it must be finished with flour-

emery, and finally on the hone. With care, all parts of it

can be made equally thin, and it may then be washed well

and allowed to dry.
6. Cover the thin section thus made with Canada balsam,

and place on this a thin cover-glass, such as microscopists ordi-

narily use. Dry the balsam slowly as before, being very careful

to avoid overheating and the consequent production of bubbles.

7. The section will now be ready for the microscope. Any
balsam that has oozed out upon or round the cover-glass can
be lightly cleaned off with a cloth dipped in spirits of wine.

For casual examination, the finished section need not be

covered, but may merely be moistened with water, and can
thus be examined under the microscope.

A good rock to begin upon is a fairly hard chalk, a sub-

stance which grinds down easily and which is yet permeated
by the balsam and rendered coherent. Sections of chalk

can be prepared entirely on the Water-of-Ayr stone.

So much for indoor considerations and observations. In
our walks abroad we must carry two instruments, a hammer
and a pocket-lens. The hammer may weigh about a pound,
and its head should have a good chisel-like edge on one side

and a square steel face on the other. The chisel-edge is best

placed perpendicularly to the direction of the handle of the

hammer.
A small stone-mason's chisel is always worth carrying, and

even a light hammer and a chisel combined will often do
what a heavier hammer alone could not effect. Large blocks

of stone can be wedged out by steadily driving the chisel

into some natural crack.

The best pocket-lens for our purpose is the common
"
triplet," with three lenses of different power folding up into

one cover.
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And now we can at last set off on our travels. We have

taken pains to learn something of the alphabet of our sub-

ject ;
and any one of us may hope in time to apply these

studies to the actual examination of the earth. In our own
immediate surroundings even in the muddy rivers that run

through great cities there is something to be observed,

something far more important and interesting than anything
which we can learn by the mere reading of books indoors.

If I describe in these pages the details of some landscape
that is familiar to myself, or bring together for illustration

the features of several landscapes, it is with the hope of

encouraging each reader to make similar and better observa-

tions in his outdoor wanderings for himself. It is well to

note down our impressions, making little sketches, however

rough, of what we see the form of a boulder, the series of

rocks exposed in a quarry, the outline of a hillock or of a

mountain-range. Until we put our notes on paper, trying
to be as exact as possible, we really do not know how many
things we may notice in a short day's ramble

; and, when we
have written them down, we constantly require to go back

again to fill up some gap in our observations. And even

then we feel a desire to fit things together, so as to explain
them

; whereupon we shall find that a single lifetime and
our individual wits are quite insufficient for the purpose.
We must take counsel of various other people ;

we must
examine their books, and what they have extracted out of

previous centuries of books
;
and all the time we must be on

the look-out, for possibly it may be given to one of us to

see what no one before has seen exactly in the same way.
And then we shall have made a geological discovery.

After all, it matters very little whether the persons who
have gone over the ground before us have or have not seen

all that we can see. The delight of thus wandering, with our

eyes wide open, across the airy moorland or along the shingle
of the beach, is one that will grow upon us, and that can

never again be taken away from us or lost. We shall be

every hour finding out things for ourselves, no longer pent

up in museums or laboratories, but among the broad ridges
of the world, seeing how the wind, and the streamlet, and the

ocean, and the rocks, all work together, with the great sun

shining overhead.



CHAPTER II

A MOUNTAIN-HOLLOW

Now let us come out and see what is happening all round
us. Every spring we notice how the trees bud forth again ;

how the tender coils of the ferns begin to push up through
the dead brown leaves that have coloured the hillsides all the

winter
;
how the primroses look out and shine like stars along

the green borders of the lane. In the summer we watch the

corn changing, and the fruit reddening on the boughs ;
in the

autumn we notice that the woods are golden, and that the

leaves soon begin to fly through the air, as if some caliph of the

Arabian Nights were scattering coins in the sunlight. Then,
from one year to another, we can see how animals grow up ;

the little kitten changes, and becomes a quiet old cat that

loves to sit by the fireside
;
the white lambs, which used to

run up to us inquisitively in the fields, soon alter into thick-

bodied and uninteresting sheep. All these things grow, and

go on changing ;
but the fields themselves, the broad slopes

where the heather gathers, the barren rocks above, and the

long dark ridges of the hills, all these seem to remain, and
never to grow, or alter, or decay.

Well, let us set forth on our travels, and keep our eyes
well open. Perhaps we may find out that the hills are

changing after all.

We must imagine that we wake up on a fine clear morn-

ing at the foot of some of our wild mountain-masses in the

British Isles perhaps at the head of Windermere, or in the

passes around Snowdon, or in Perthshire, along the great

Highland border, or among the purple slopes of Kerry or

the barren moors of Donegal. Our little farm-house lodging
lies by the high-road up the glen ;

far away we can see the

cart-track winding, now crossing some spur above the stream,
now descending to the valley-floor ;

and on either side of it

a few cottages stand dotted about the lower slopes. Above
them the steeper moorland rises, grey-green and purple, and
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crossed here and there by bands of stones, or cut into by rush-

ing little streams.

We must climb to-day steadily up into the hollows of the

mountains. We must leave the white cottages far below us
;

and, as we pass through the last gate in the stone wall, we
find ourselves on the open moorland. A few grey blocks of

stone lie half buried in the furze and heather
;
there used

to be many more of them, before the farmers gathered them
and laid them together to make the walls. Some were so

large that they had to break them up with gunpowder ; you
can still see the marks of the boring-tools on them, where

the holes were made in which the blasting-cartridges were

placed.
A little above us, a few huge blocks remain untouched

;

and one or two are as large as a labourer's cottage. If we
walk round one of these, we shall very likely find a number
of smaller stones wedged up against it, as if they had come

tumbling down the slope and had been stopped by their

bigger brother. Every now and then we hear faint sounds

of water trickling ;
it is making its way down among the

stones that have become quite buried in the grass. If we

dig for a little while with a walking-stick, we may be able

to see the tiny streamlet flowing; or at any rate we can

stoop down and hear it much more clearly. We see that

the hillside is partly made of blocks of stone, loosely piled
on one another

;
and the water can find a path between them.

It washes along earth and sand as it flows downward, and

sometimes in this way it fills up the spaces between the

stones, and has then to move away into another course. If

you put your hand down into the crevices, you will probably

bring up some of the fine sand.

How far down does this assemblage of loose blocks ex-

tend into the hill ? Well, let us come across to the big
stream which here foams down the mountain-side. When
we were down below, it looked like a white streak

; but, now
that we stand by it, we find that it is a fair-sized river. The
banks are twenty feet or so in height, and they show us the

stuffs of which the ground hereabouts is made. Great blocks

of stone stick out on the steep sides, heaped together in a

coarse sand. Down where the stream itself is running, we
can see the solid rock

;
and here and there there are fine

deep pools, or narrow gorges which look as if they had been
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cut out by a mason. So we learn that there is solid rock

under us, forming the mass of the mountain, covered by
perhaps twenty feet of the loose gravel with the big stones

scattered through it.

What we have seen in the side of the great stream is

called a section ;
it is as if we had cut down into the earth

for ourselves and had seen the different rocks lying there

one upon another. A slice of wedding-cake shows, in the

same way, the sugar, and the almond-layer, and the cake

itself,
" in section." Every quarry and every railway-cutting

similarly give us a geological section.

Now we must move on upwards, although the slopes

grow steeper ;
and there are now plenty of blocks among

which we have to pick our way. Little cliffs of solid rock

also stand out above us, and we must climb up by the gullies

through them, or find a way round to right or left. The
loose blocks, half buried in the grass, are made of the same
materials as the cliffs

;
here and there we may find a puzzling

stranger, but the vast majority seem just to have fallen from
the crags above us. This observation will very soon be use-

ful, as we reach the higher levels of the mountain.
If you kick a stone from under you, it goes bounding

down across the grass, it leaps over one or two of the little

cliffs, and so descends until it rests on some lower ledge
of the hillside. Every time that the sheep walk along the

paths made by them, a few stones become dislodged and
move farther down into the valley. So that the surface

of the slope is changing, as surely as the bracken changes
and dies away in winter; only it might be many, many
years before we should notice that the whole mountain
was thus decaying.

If we follow up the stream itself, we shall see that

something interesting is going on there. The deep pools
often occur at the foot of waterfalls, and here the water

is violently churned up, white and foaming, while it swirls

away steadily to its outflow at the farther end of the pool.
If it is a time of flood, we shall see little more than this

commotion; but during a dry spring or summer we can

walk out on the exposed rocks right into the middle of the

stream. In these rocks there are a number of circular

hollows, sometimes imperfect and open on the side that

lies farthest up the stream
;
some are a foot or more across,
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others are too small to get one's hand into; and in each

there are one or more rounded pebbles, and often a good
deal of fine sand.

At first it looks as if these materials had been washed

down and had fallen naturally into the holes
;
and this is

certainly true of most of the smaller stones and sand. But
the holes themselves require explanation, for some of them
resemble the drill-marks in the stones blasted by the farmers

FIG. i. POT-HOLE IN BED OF STREAM, GLENARIPP, COUNTY ANTRIM.

(Photographed by Mr. R. Welch. )

down below. Their inner surface is beautifully smooth, and
their depth is often greater than their width

;
now and then

there are a few grooves running round the inside, as if the

drill for a time had tended to make them rather larger.
If we choose the simplest case, we find that there is one

large pebble in the hole, and we can move it round and
round when we reach down to it with our fingers. The fact

is, that the pebble has drilled out the hole in which it lies.
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At some time or other a stone got wedged in one of the

cracks of the rocky bed of the stream
;
the rush of water

kept turning it round and round, and supplied it with sand,
which helped it to cut into the rock. Every one knows how
a grain of hard sand, caught in between, let us say, a

polishing-cloth and the handle of a bicycle, will cut deeply
into the metal at every movement of the hand. Thus the

stone bored its way down, until no force of the stream
could dislodge it again ; and, every time that the flood

comes over it, it works away in its little prison, deepens the

floor of it, and smooths and polishes the sides (fig. I.).

Such holes are called pot-holes, and may be seen in

hundreds when the stream is low. If they can be made
so freely in these ordinary rapids, we can guess what is

going on under the waterfalls themselves. Several pot-
holes often cut into one another, and finally form one large
one

;
and in this way, in the swirls of the river, basins are

finally carved out of the solid rock. This is the history
of the beautiful deep pools which occur in connexion with

the falls.

In Norway, a country famous for its waterfalls, the pot-
holes have been called " Giants' Kettles." Some of those

best known to travellers occur in the " Glacier-Garden
"
of

Lucerne in Switzerland, one of them being 26 feet wide and

30 feet deep.
Mr. H. J. Marten 1 has given us some interesting figures

as to the rate at which pot-holes can be worked out in soft

red sandstone, a rock familiar to dwellers in the midland
counties of England. In 1844 a weir was built at Holt

Fleet, where the Tenbury and Droitwich road crosses the

valley of the Severn. In 1887 it was found that a number
of the stones on the apron, or the slope of the weir facing
down the stream,

" had been drilled through and through by
the action of the current upon small pebbles lodged either

in hollows on their exposed surfaces or between the joints of

the stones." The Severn, in this steeply banked and pic-

turesque part of its course, brings over each square foot of

the apron about 2000 gallons of water every minute, moving
at a rate of 12 to 15 feet per second

;
and the current has

1 ' ' On Some Water-Worn and Pebble-Worn Stones taken from the Apron
of the Holt-Fleet Weir on the River Severn," Quart. Journ. Oeol. Soe., vol.

xlvii (1891) p. 63.
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been known to move fair-sized boulders up the steep face of

the weir and to push them over the crest and down the apron.
Six stones, about 6 feet long, 2 feet broad, and 2 feet 6 inches

thick, were specially examined by Mr. Marten, and it was
shown that in forty-three years the eroding action of the

stream had cut away about half their bulk, and had removed
two inches of stone from the general surface of the weir.

Of course the softer portions would go first; but it seems

likely that in a hundred years these large stones would have

been entirely destroyed.
It is now clear that a rushing stream, like that on our

mountain-side, pushes along any loose stones that may fall

into it, and can even move big boulders if the slope of the

ground is steep enough. The rough stones grind against
one another, and those of medium size soon have their

corners knocked off, and finally become rolled into pebbles.
But a very long journey down stream is required before the

finer materials become well rounded, and many of the little

grains of sand, which are easily washed apart from one
another by the water, come out at the mouth of the river

practically as sharp as when they fell into the water. A
good deal of the sand is also produced by the grinding of

one rock against another, and, as a rule, the smaller the

fragments thus taken off, the less chance there is of their

being made into true round pebbles.
Of course some materials of the earth rapidly go to pieces

under this rough treatment, and hence the pebbles may not

fairly represent all the different rocks that have fallen into

the flowing stream. We may have only the harder and
more resisting ones remaining, and some materials may be
broken mechanically into fine powder, while others may
actually become slowly dissolved away in the water. But
here on our higher mountain-slopes the stones have not

travelled far enough for any sorting out of the different

kinds to have occurred. If there is a limestone or a shaly
rock above us, we shall still find pieces of it lying in the

streams, side by side with the hardest rocks, such as those

composed of quartz.
If we watch long enough, particularly after rain, we shall

see these pebbles and small stones actually moving. I

remember, after a thunder-shower near Thun in Switzerland,
how the lumps of rock, about the size of cricket-balls, came

c
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rolling down a shallow streamlet as if they were being
bowled down upon us from above. And we may now go a

step further, and notice how the constant passage of stones

and sand over a rock tends to cut a groove in it, just as a

stone, when kept moving near one point, works out for

itself a pot-hole. Hence the little gorges, which look like

rents in the solid rock, have really been cut by the torrent,

which uses such stone tools as are given to it
;
and in this

highland region they are still being deepened as the waters

rush down daily. Of course the water often begins by flow-

ing down some real crack in the rock, which it soon widens
with its tools

;
and thus you may see several gorges roughly

parallel to one another in different parts of the stream,
because the cracks or joints in the rock are parallel through
a large part of the mountain. But in other places gorges
will be cut, without this assistance, through the hardest and
most uniform rock-masses, as neatly as if we were to divide

a bar of soap by drawing a string in one direction steadily
across it.

But where do the tools of the stream come from ? How
do they get into it ? Or have all this sand and all these

blocks of various sizes been lying about from time imme-
morial as a coating to the solid earth? We will let the

grim crags above us answer these questions for themselves.

Suddenly we step across the last conspicuous ledge of

rock and have quite a new landscape before our eyes. We
see the source of our tempestuous little stream a gloomy
lake, stretching away towards a semicircle of cliffs, which
tower almost vertically above it. Seen from this side, the

water looks indigo or absolutely black
; only when we walk

round and look out towards the open lowlands do we catch

some broad and gleaming reflection from the sky.
These mountain-tarns are among the most beautiful, and

at the same time loneliest, things in nature. Sometimes, as

you sit beside them, you will be almost startled by the mere
sound of a stonechat upon the shore

;
in Scotland, or the

west of Ireland, you may perhaps look up and see an eagle

sweeping out from the gloom and blackness of the crags.

On the side of the lake farthest from the semicircle of

cliffs, there is often a little beach of sand
;
even here the

wind beats the lake up into waves and so manufactures

pebbles on the shore. The place where the stream runs out
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is often difficult to trace, since the water escapes among the

tumbled blocks around the borders of the lake, and only
collects as a stream lower down, through the union of

several of its underground tricklings. Similar streamlets

come down the walls of rock into the lake, and thus there

is a constant current through it.

These higher streamlets descend in steep gullies ;
but at

the foot of each there is a great loose mass of angular stones,

forming a cone stretching up from the lake-shore towards
the higher crags. Every groove of the rocks has a cone of

this kind at its base
;

it is the simplest form of talus, the

heap made by the materials that fall down into the hollow

from above.

To understand these heaps, we must not be content with

a clear summer's day when we climb up towards the summit
of the mountain. We must visit the hollow in rough
weather, when every groove is filled with a white line of

foaming water, and when every stone shines with dampness
and is ready to move easily over its neighbours. Then we

may hear the clatter of sudden little slips of rock
;
we may

see all round us the work of destruction going on
;
and we

shall learn, indeed, that these cones of debris are continually

being added to from above. The mere force of the rain

driven by the wind, against which we can scarcely stand

at these high levels, is sufficient to beat out tiny fragments
from the crevices of the rocks, to widen these crevices year

by year, and finally to set a large block rolling down the

slope. When it once starts, it forms a powerful engine of

destruction
;

it batters at projecting points in its passage, it

sets perhaps a ton of material moving when it strikes upon
the steeply piled talus

;
and thus it not only breaks up other

rocks, but it helps the earlier products of decay to move
lower down the mountain-side.

Every gusty wind that we know down in the valley is

intensified at heights of two thousand feet and upwards into

a destroying storm-blast. The air has few interruptions,
and moves freely over long distances before it strikes upon
the mountain-ridges; and there it gets suddenly checked,
and goes roaring into every hollow, driving before it water,
and sand, and even little loosened stones. As an example,
we may note that the winds blow across Ben Nevis from
November to March at an average rate of twenty-two miles
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an hour, and between June and August at eleven miles an
hour

; but, 4400 feet lower, in the hollow of Loch Linnhe,

they blow with rather less than half these velocities. During
a south and south-west gale on February 2ist and 22nd,

1885, the wind blew at the summit of Ben Nevis from the

noon of one day to that of the next at about a hundred
miles per hour, the velocity down below at the sea-level

being only about thirty miles per hour. 1

The vigour of the wind in buffeting the peaks of moun-
tains may be further gathered from the fact that during the

memorable storm of November i6th to 2Oth, 1893, tne wind
blew near the sea-level at Holyhead at eighty-five miles an

hour for four hours together, and reached ninety- six miles

an hour in the Orkney Isles. 2

Even on ascending a church-tower, we notice an increase

in the keenness and swiftness of the wind
;
and on the summit

of the Eiffel Tower in Paris the velocity is three times greater
than that experienced in the city, only 1000 feet below.3

Moreover, the air is far moister, and thus far more rain

falls, on these higher levels of the hills. It always feels

colder than in the plains below, although we are in reality,

by ever so little, nearer to the sun
;
and observers in balloons

tell us how soon they can ascend to a level where the tem-

perature is below the freezing-point of water. The reason

for this is that dry air is not heated directly by the

luminous rays of the sun
;

these rays, however, warm
the earth and the ocean, which in turn radiate "dark
heat rays

"
to the air resting upon them. The air nearest

the earth's surface is thus the warmest. But a cubic

foot of warm air is lighter than a cubic foot of cold air

or, rather, in these great masses of the atmosphere, we
should speak of millions of cubic feet

;
hence a disturbance

of the balance of the atmosphere occurs where any locality
becomes heated, the air expanding as it is warmed, and the

colder denser air pressing in and forcing the warm air

upwards. As the latter rises, it cools again, especially be-

cause it has now less of the atmosphere pressing upon it,

and thus can expand greatly, its heat becoming spread over

a far greater space than before. Hence the body of air at

1 "Meteorology of Ben Nevis," Trans. Roy. Soc. Edinburgh, vol. xxxiv.

(1890), pp. xxxvi., 164, 372, &c.
2 C. Harding, Nature, vol. xlix. (1894). p. 295.
3 A. Angot, Comptes rendus, vol. cix. (1889), p. 698.
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a high level is characteristically colder than that in contact

with the ground.
Then, again, evaporation goes on, as we all know, more

freely in warm air than in cold
;
and the air near the earth

absorbs into itself a large quantity of water in the invisible

gaseous form. It does not soak it up like a sponge, for the

particles of water-vapour, in becoming added to those of the

mixed gases which constitute the air, merely introduce a

lighter substance into the mixture and increase the bulk of

the whole. Hence moist air is lighter, bulk for bulk, than

dry air, and warm moist air is likely to rise most readily to

the higher regions.
Air at any given temperature, however, can only absorb

a certain quantity of water-vapour ;
it then has reached its

saturation-point, and must yield up some of its water-vapour
in the liquid form again directly it becomes cooled. It is

scarcely necessary to mention here that this is the cause of

the sheets of cloud above us on a gloomy day, or of isolated

clouds at any time. Clouds result from bodies of moist

air becoming cooled below their saturation-point ;
the water

separates out around the floating dust-particles of the atmos-

phere in the form of tiny drops, which are so small as to be

wafted along without falling to the earth. At last, however,
continued cooling may produce a rain-shower, when the minute

drops have run together into larger ones, and can no longer
be buoyed up.

The level at which clouds can be formed will vary with

local conditions of climate, and with daily changes of tem-

perature on the earth itself
;
but a level must exist in the

atmosphere, above every locality, where the temperature is

below the freezing-point of water, and where any moisture

separated from the air must take the solid form. At this

level the delicate cirrus-clouds, or "horse-tails," are formed,
which consist of masses of snow-crystals supported by the

air-currents; in our winter-time, gloomy and denser snow-

clouds may arise close to the surface of the ground; in

summer the light cirrus may be four or five miles above our

heads. The level in the atmosphere above which, even in

summer, the temperature remains always below the freezing-

point of water (o C. or 32 F.) may be called the snow level.

The snow-levels of different localities, when traced from one

point to another, form a surface which now approaches, now
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recedes from, the surface of the ground ; and, if any parts
of the earth are sufficiently elevated to rise through and
above this

"
snow-surface," the line formed on them by the

local snow-level will be what is called the snow-line.

Sometimes, when the accumulation in winter is very

great, snow may lie at levels where the average temperature
of the year is as high as 3 C;

1
but, in all ordinary cases,

when we rise above the snow-line, dew cannot be deposited
nor can rain fall, even in the height of summer. Their

places are naturally taken by hoar-frost and snow. Evapora-
tion goes on from the surface of the snow, despite the cold,

provided that dry air is brought into contact with it
;
but

the chances are in favour of continual deposition of fresh

material we have here, indeed, a region of perpetual snow.

Now, our British and Irish mountains are not so high as

to reach above the local snow-line
;
but again and again we

can observe how their summits are in the level of the clouds,

while the valley below is warm and free from mist. As we
sit by our little lake and look upwards, we notice wisps of

cloud even now forming among the rocks, particularly on the

shaded side of the mountain
;
soon they are blown away into

warmer and drier regions of the air, and disappear again in a

gaseous form. But, as night comes on, clouds will gather all

along the ridge ;
the earth no longer warms the air down in

the plains and sends hot supplies up to the mountain-tops ;

the cloud-level drops lower, and the more prominent peaks
stand out clearly above it. A moonlit night is best for

observing this effect, for then the earth cools rapidly into the

clear air, and the long banks of cloud lie still and white

against the hills.

The ridges are liable to be cloud-capped at any time,

particularly if the prevalent winds bear moist air with them
from the sea. This air, already near its saturation-point,
comes against the hills, and is forced to move towards higher
levels in order to pass over them. In so doing, it becomes
chilled below its saturation-point ;

the moisture comes out of

it as a sheet of cloud, one edge of which rests against the

mountain
;
and above this the sky is clear, since the air has

been thus rendered dry again, though it is even colder than

at the level of the clouds. As long as the same wind blows,

bringing in the moist air against the mountain, the clouds

1 Heim,
" Handbuch der Gletscherkunde," p. no.
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will go on accumulating ;
and at last they themselves become

driven bodily up the slopes and over the crest into the drier

area beyond. Here, like the little wisps we were watching

among the crags, they become absorbed again, and the whole

mass of cloud may thus be continually added to at one end and

dissolved away again at the other. It will probably not be

long, however, before further chilling causes the cloud-drops
to run together, and copious rain to fall upon the windward

slope.

Then, on the clear and cloudless nights, dew is freely

deposited on the mountain. The air is often near its satura-

tion-point at these high levels, while radiation of heat from
the rocks and grass is bringing their temperature steadily
down. Then the film of air in contact with them becomes
also cooled, and finally yields up its moisture in little dewy
beads, which accumulate rapidly if the air is in motion, and
if fresh material is thus brought to the cold surfaces. If the

saturation-point of the air is lower than the freezing-point of

water, the water-particles may be extracted from the air in

the form of delicate ice-crystals, or hoar-frost.

One of the most beautiful sights upon a mountain is when

every projecting point of rock and every blade of grass is

tipped with hoar-frost streamers
;

it becomes clear that we
are not dealing in any way with frozen dew, but that the ice-

crystals have been deposited as such out of the atmosphere,

accumulating one on another, the ice-banner sometimes

pointing in the teeth of the wind, and sometimes curving in

long plumes in the opposite direction. I have seen the upper
thousand feet of the Mourne Mountains covered with hoar-

frost of this kind, so that the accumulation of it during two

days finally resembled snow. On Ben Nevis, with the ordi-

nary wind-rate and cold fogs, these crystalline plumes grow
as rapidly as half-an-inch per hour.

If all the moisture deposited in one form or another out

of the atmosphere, at any place during an average year, were

converted into a sheet of water lying on the level surface of

the ground, just where it fell, none of it being evaporated

again or allowed to run away, then the depth of that accumu-
lation of water, measured in inches, is what is styled the

mean annual rainfall. Observers at fixed stations collect

the moisture dew, rain, hoar-frost, or snow daily in rain-

gauges, and carry on their records month by month and year
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by year. Thus in time they arrive at a correct average
statement of the rainfall, which is expressed in inches, the

hoar-frost and snow being calculated as if melted. Here,

again, we will take a special instance, showing how the rain-

fall is greater at high levels, especially where the prevalent
winds blow from large bodies of water towards the hills.

On the summit of Ben Nevis, 4406 feet above the sea, the

annual rainfall is 129.5 inches; but below, at Fort William,

29 feet above the sea, it is only 77.3 inches. That is still a

high rainfall for the British Isles, the eastern counties of

England having only about 24 inches.

We are now in a position to realise that the summits of

our mountains are kept continually damp by dew, which
soaks into every crevice, and which actually helps to feed the

streams. Clouds are continually moving over the surface,

and rain falls far more abundantly than in the plain below.

The blasts of wind are here felt in all their force
;

it is, in

fact, a region of violence and storm. Besides the mere bat-

tering of rain and hail, all this moisture exerts a powerful
chemical action. Rain, while falling, dissolves the gases of

the air, and in proportions very different from those in which

they are mingled in the atmosphere. While in 100 cubic

feet of the latter we have 21 cubic feet of oxygen and 79
of nitrogen, rain-water may absorb 35 parts by volume of

oxygen to 65 of nitrogen. Iron is common in various com-
binations in the rocks, and the oxygen, carried downwards

by the soaking water, tends to make hydrated iron oxides

along every joint and surface. The brown stains of rust that

result are the signs of extensive chemical decay. The carbon

dioxide, also absorbed in larger proportion than that in which
it exists among the gases of the air, slowly attacks the com-

pound minerals, making carbonates out of some of their con-
stituents

;
and these carbonates are often soluble, and are

carried away with the general flow into the streams. Complex
silicates like felspar become thus broken up, the soda and

potash disappearing as carbonates or silicates in solution, some
silica being set free, which also passes into solution, and the

aluminium silicate combining with water and forming a soft

white powder known as kaolin (p. 21). When one mineral

of a rock breaks down in this way, and is carried away, either

in solution or in solid particles, the whole rock soon becomes
loose and crumbling, and the minerals that could not be
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attacked by natural waters are set free as little grains, to be

washed or blown down the mountain-side. By insidious

action such as this, huge masses of rock are eaten into, and
the storms are always clearing away the detritus and ex-

posing a new surface to attack.

Limestones are bodily dissolved by rain-water containing
carbon dioxide, and we find their surfaces covered with little

pits and circular hollows. We may often recognise them in

this way among the other rocks of a hillside
;
and in some

parts of the Alps they are eaten into by the storm-water,
until the grooves so made resemble gigantic saw-cuts.

For the grandest insight, however, into the assaults of

weather upon the mountain, we must come up into our

highland-hollow after a clear cold night During the day
all the cracks of the rocks have been filled with water, which
has become frozen during the hours of darkness. As water

cools, it contracts in bulk until it reaches 4 C.,
1 after which

it expands again. At o 0., the freezing-point, it passes into

the solid state, and a given bulk actually occupies a space
rather more than an eleventh greater than that which it

occupied at 4 C. Moreover, the great part of this expansion
occurs suddenly, at the moment of solidification, and thus the

water imprisoned in a crevice has no time to ooze out again,
but exerts a splitting force upon the rock in which it is

confined.

It will be well to have this stated exactly. 100 grammes
of water at 4 C. occupy a space of 100 cubic centimetres

;

at o C. this bulk of water has increased to 100.012 cubic

centimetres; but at the same temperature it becomes ice

occupying as much space as 108.992 cc. Another way of

stating the matter is that 91.75 cubic inches of water at

o C. pass abruptly into 100 cubic inches of ice.

As the sun strikes upon the mountain and heats the

rocks again, the ice melts, and huge fragments, which have
thus become wedged out, are dislodged from the cliffs

above our lake. Frozen water has thus a startling effect

in breaking up a mountain-mass. Day after day it may
work in this way, and may shower down stones large and
small on to the growing talus-cones. The whole mountain

is, in fact, decaying, and it is being attacked most vehemently
1 Or a temperature very near to 4 C. ; M. de Coppet gives 3.982 C.

(Nature, vol. li (1894), p. 37).
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in its higher levels. The stones and gravel that we saw on
the ascent have all been worn from it by rain and frost and
slow insidious chemical action. The lower slopes become

protected by the showers of debris ; but the streams wash
down through these, and use the loose stones as tools to cut

deep channels in the mountain-flanks. In our hollow itself,

around the little lake, we can see how the agents of decay

continually lay bare new surfaces
;
and we say that rapid

denudation is going on.

Thus, then, we can account for the steepness of the

crags towards the mountain-crest. The denudation is vio-

lent, vertical in its character
;
and the result is all the pic-

turesque scenery of peak and notch and gully that makes the

ridge at sunset look like a black saw against the sky. Our
semicircular hollow has been cut back on a large scale,

like the little alcoves over which the waterfalls of the stream

descend (Plate I). One line of weakness, one principal

groove where the water rushes down at every storm, has de-

termined the main recess
;
numerous side-streams have done

their work, and the frost has split off block after block and

kept the walls almost vertical. For a long time the scour of

water at the foot was probably sufficient to prevent the debris

from forming banks against the cliff
;
and the hollow of the

lake itself may be regarded as resulting from this vehement

swirling action. It is, in fact, an exaggerated pot-hole, and

corresponds, in a broad form, to the basins beneath the

waterfalls in the stream. Another agent, which we shall

refer to later, has probably helped to keep the hollow clear

(p. 56).
Our mountain-hollow may be called a combe, the nearest

English word for the Welsh cwm, which is applied to similar

rock-bound excavations. But the most international word is

cirque, which is used to express the form of the cliff, re-

minding one of half a Roman circus. When, by continued

weathering-back, two cirques approach one another on oppo-
site sides of a mountain-mass, the ridge between grows
narrower and narrower, until at last it may be a mere knife-

edge, accessible only to skilful mountaineers. Splendid

examples of cirques occur on Snowdon, the ridge or arete

between Cwm-y-Clogwyn and Cwm-y-Llan, where the Bedd-

gelert path runs up, being only eight feet wide
;
while the

sawlike crest of the Crib-Goch, between Cwm-Dyli and
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Cwm-Glas, is considered good exercise for members of the

Alpine Club.

Above us still, in our mountain-hollow, we can see a

number of pinnacles standing out against the sky. They
are the masses left behind by the little streams, which have

cut deep grooves on either side and have in part hollowed

away the rock behind them. Small as they look from below,

they tower above us when we clamber up among them ;
some

look as if they must speedily be undermined, and all are no

doubt decaying. Yet the changes that go on here are slow,

and the oldest inhabitant of the hillside-farms will say that

these fantastic rocks have "
always "been just as they are now.

Well, we must admit that in the British Isles denudation

on the mountains is, after all, a comparatively gentle matter.

Come to the summit of our ridge, sit on the pile of stones

which the Ordnance Survey has heaped up as a landmark,
and look out over the general landscape. Peak after peak
rises from the highland country near us, but the lower slopes
are thickly strewn with debris which the streams are unable

to carry off. The great times of carving and excavation are

at present over, and we are apt to think that some agent
more violent than those which we see at work around us first

made these giant channels between the hills, and then flung
down the huge boulders into them.

But the fact is that we have come too late to see our

mountains in their fullest grandeur. The vast piles of de-

tritus, the long sweeping taluses, show how much dignity

they have lost. Many summits in Scotland, like those of Ben
Nevis or Quinag, are actually buried in loose blocks, so that

we have to go lower down to see the solid rock exposed.
Our mountains have been worn down until they have come
below the level of most vehement attack

;
to study denuda-

tion in all its real rapidity, we must scale another six or

seven thousand feet, in the Pyrenees, Norway, or the Alps.
Here matters become more complicated, for we rise

above the snow-line. On the upper parts of these huge
mountains all moisture will be deposited as snow and hoar-

frost. Here and there the bare rocks may get heated by
the sun, may melt the snow in their crevices, and may be

broken up by the expansion of the water as it freezes again
later in the day ;

but the main mass of snow will go on

accumulating, slipping off the steeper crags and gathering
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thickly in the hollows, forming there broad snowfields, from
which it is removed in two ways by the formation of

avalanches and by glaciers.

Many crags upon high mountains are so sheer that the

snow can lie only upon occasional little ledges. Of such a

character are the great face of the Matterhorn, and, still

more strikingly, the huge conical and spire-like pinnacles,
the Aiguilles of both flanks of Mont Blanc. In other peaks
there may be a long steep slope where snow gathers, but
from which any great accumulation must tend to slip. The
sides of the huge Alpine valleys similarly offer very little

resting-ground for snow. A crack forms in the surface of

the steeply lying snowfield, and any trifling disturbance

starts the great detached mass down the slope. Carrying
with it stones and earth and lumps of ice, these last result-

ing from the compression of the lower layers of the snow-

field, it plunges headlong into the valley as an avalanche.
Dr. Pernter l of Vienna has given us an account of the

avalanches in the range of the Hohe Tauern, on the borders

of Karinthia. It appears that some are caused by the partial

melting of the snow-sheets by the warm south wind
; gradu-

ally the water accumulates, and diminishes the friction of the

ground against the lower surface, which has hitherto upheld
the mass

;
and finally the whole sheet slides disastrously

downwards. Other avalanches are caused by the slipping of

newly fallen layers over previously consolidated older ones.

Their movement is very rapid, and they are preceded by a

terrific blast of air. One such avalanche witnessed by Dr.

Pernter filled a valley
" for a distance of two kilometres with

thirteen feet of snow. The avalanche itself could not force

its way up the side of the opposite mountain, but the wind
caused by it unroofed a farm-house, 650 feet above the

valley, and blew in the windows."
The prevalence of avalanches, as a means by which the

accumulation of winter snow, and of snow above the snow-

line, is got rid of, causes certain mountain-pathways to be

very dangerous in the spring. In many cases the magni-
ficent roads constructed in the Alps about the close of the

Napoleonic wars run at higher levels than the old mule-

tracks, so as to be above the lines along which the avalanches

1 "A Winter Expedition to the Sonnblick," Nature, vol. xlii. (1890),

p. 273 ;
also Dr. M. Ogilvie, Nature, vol. Hi. p. 573, on the Gemmi avalanche

of 1895.



A MOUNTAIN HOLLOW 45

are likely to break off from the main snow-sheet. This is

notably the case with the Spliigen road, which proceeds at

first almost horizontally from the pass, and then descends by
a bold series of curves and tunnels cut in the great cliff

above Isola. It thus avoids the steep-sided valley which
Marshal Macdonald traversed with so much difficulty in the

winter of 1800. Avalanche-galleries, to protect travellers,

are common at exposed points on any mountain-road.

The snow may accumulate at high levels to depths of 50
to 90 metres (160 to 300 feet), and the lower layers in the

gathering-grounds or snowfields become, as we have hinted,

greatly compressed and compacted, and, in fact, converted

into ordinary massive ice. We must remember that this

results in no way from a further freezing of the snow;
the term "frozen snow," which is sometimes seen in news-

papers, has strictly no meaning, since all snow consists of

ice-particles and cannot be more frozen than it is at the

time of its formation. But it can have the air squeezed out

from between the crystals, as occurs when a good hard snow-
ball is constructed

;
and this is what happens to the older

snow of a snowfield as the newer layers press steadily

upon it.

At first, under these newer layers, we have a snow that is

firmer, and in which the ice-crystals are compacted together
into groups, forming little granular lumps, partly trans-

parent, partly white with air-bubbles. This material is

known to German-speaking mountaineers as firn, and to

the French as nv& As the surface-snow melts in the sun,
water trickles in between the granules of the firn, freezes

there, and surrounds them with a cement of ice
;
the mass

thus caused has been called firn-ice.

Continued pressure forces nearly all the remaining air

out of this firn-ice, and a compact layer of ice results.

The massive ice that is made in this way consists of a number
of granules from two millimetres to fifteen centimetres 1

in diameter, each being composed of one ice-crystal. The

largest ones occur in the ends of the ice-streams or glaciers,
and a good average size for these glacier-grains is that of a

walnut. They fit perfectly into one another, but the surfaces

1 J. C. McConnel and D. A. Kidd,
" On the Plasticity of Glacier and other

Ice," Proc. Royal Soc. Lond., vol. xliv (1888), p. 333 ;
and A. Heim,

" Hand-
buch der Gletscherkunde," p. 120.
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between them can be seen as the ice slowly melts away in

lower levels of the mountains.

This massive ice becomes squeezed out under the snow-

fields, and oozes slowly down the hollows of the mountains

in the form of ice-rivers or Glaciers. At the lower end
each glacier is melted away, at the upper it is continually

supplied with fresh snow
;
and thus it keeps in much the

same position on the hillside. But throughout its length the

ice is moving forward, as has been shown by the changes in

the position of stones lying on its surface, and by driving
stakes into the ice and noticing that they are carried down
the slope. If a row of such stakes is set up along a line

across the glacier, it will soon be found that the central

ones have moved farther than those nearer to the sides.

The rate of movement is about 4 to 16 inches a day, i foot

per day being a fair average, measurements from the Alps,

Norway, and the Himalayas agreeing closely. Far more

rapid movements have been recorded from northern regions,
but it now seems that even the Muir Glacier of Alaska, an

unusually swift example, progresses at only 7 feet per day.
1

The flow is more rapid towards the centre of the stream,
because the ice there is not retarded by the rocky walls of

the valley ;
the central portion flows, indeed, from three to

ten times as fast as the margins. Similarly, the upper layers
of a glacier move more quickly than those that rest against
the valley-floor. The partial melting that takes place in

summer also considerably assists the flow, especially in the

case of a small glacier. Again, where the valley is narrow,
or where the floor falls steeply, the glacier moves more

rapidly than in its broader or more gently shelving por-
tions.

Some glaciers are mere small patches of ice oozing out

from the edge of a high snowfield, and falling from time

to time over the great cliff below in a series of dangerous
avalanches. Sometimes a glacier of this kind gives rise to

a new one in the hollow below, where the blocks of ice

become compressed together again and ooze downwards as

before. Many glaciers, apparently hanging on the moun-

tain-side, covered with grey dust blown on to them from
the rocky walls, are by no means imposing features in the

1 H. F. Reid, "Studies of the Muir Glacier." See Oeol. Mag., 1892,

p. 429.
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landscape, and look mean and dirty after the pure white

snows above. But a really large glacier is often a magnifi-
cent spectacle. As it comes round corners of the valley

in which it descends, it cracks open in a series of deep
crevasses

;
the rich blue ice is seen in their walls, and

between them the surface of the glacier is rugged, broken,

and serrated. When a steep place in the valley is reached,

an ice-fall occurs, the glacier breaking into huge blocks and

reuniting down below. Here again one can see all the

beautiful colour of the ice, the pile of angular masses tower-

ing up the slope like a vast stairway shattered by an earth-

quake, and gleaming white, or coldest blue, or green, in the

brilliance of an Alpine sun. On the Furka Pass, to take a

fine example, we may toil up a long bleak valley from

Andermatt, and then suddenly come out in view of one of

the most impressive sights in Switzerland, the ice-fall of

the glacier of the Rhone. We might wait some time

before we could notice a change in the positions of these

freshly broken masses
;
but the ice is here descending at a

comparatively rapid rate, and the glacier is completely torn

to pieces.
At its foot, the glacier, where the floor of the valley is

wide and flat, spreads out like a thick fan, with crevasses

running from the semicircular margin towards the centre of

the ice-stream. Often a glacier melts away on the steeper

slope of the mountain, and ends off in a somewhat narrow

and irregular tongue. A cave occurs in any case in the

foot of the ice, where a stream, white with sand and mud,
runs swiftly out. This stream has arisen under the ice far

up the slope, partly from the melting of the lower layers

by the warm earth, partly from the trickling in of water

from the upper layers as they are melted by the sun, and

partly from streamlets which have fallen upon the glacier
in regions below the snow-line, and which have found their

way to its base down the crevasses.

The final complete melting of the ice at the foot of

the glacier adds largely to this stream, and a considerable

flow of water is the result. The Rhine and the Rhone,
for instance, both arise thus in the glaciers of central

Switzerland.

We have said that the foot of the glacier remains fairly

stationary. It certainly does not move forward, ploughing
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up the land and menacing the peasant with destruction,

as is often stated in imaginative answers written in

the excitement of examinations; but in certain times of

heavy snowfall the lower edge of the glacier advances

steadily ;
then in other years it recedes up the slope, as

the mass becomes melted more quickly than the snow is

supplied to it above. Observations tend to show that in

Switzerland the glaciers advance and retreat again in a

period of from thirty-five to fifty years, and that there has

been a steady increase in the length of several since I875.
1

Of course changes in climate, extending over far longer

periods, may also be going on, and may ultimately tend

to increase or to reduce the glaciers in a very striking
manner.

Even under existing conditions of climate, and in warm
countries, glaciers are impressive in their extent. The
Great Aletsch glacier, in the Bernese Oberland, the largest
in Switzerland, is fifteen miles (24 km.) long, and in most

places is a mile across. In the Himalayas, moreover,
where the snow-line lies as high as 16,000 feet, some

glaciers are thirty-five miles in length.
The thickness of the ico has been measured by sound-

ings in the depths of the crevasses, and Professor Heim 2

concludes that the Alpine glaciers are commonly from 200
to 400 metres thick let us say, lOOO feet.

The more we consider these enormous masses of ice,

the more interesting does their movement seem. The

precise causes of it have been the subject of many dis-

quisitions ; briefly, we may say that the granular character

of glacier-ice seems the most important point to be kept
in view. All these irregularly bounded crystals, fitting

closely into one another, are capable, under pressure, of

rolling over and altering their relative positions. Some
become, under specially favourable conditions,

3 frozen

together to form a single larger grain ;
but the whole

glacier-mass moves forward, into hollows and round corners,

as a plastic body. Any piece of ice, moreover, is composed
of one or more crystals of solidified water

;
and each

separate crystal is capable of altering its form when stress

1 F. A. Fond, Nature, vol. xlvi (1892), p. 386.
~ " Handbuch der Gletbcherkunde," p. 79.
8 See the interesting experiments of Heim, Ibid., p. 330.
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is applied to it.
1

Thus, if a bar of ice consisting of one

crystal is supported at the two ends, while a weight is

hung by a string from its centre, the ice will bend down
into a curved form. This plasticity of the individual

glacier-grain has only recently been brought forward as

a cause of glacier-motion ;
but it is easy to see how it may

help the whole glacier to fit itself into the irregularities
of the ground. The phenomenon of the uniting of two
surfaces of ice when pressed together is discussed, under
the title regelation, in all text-books of Physics, and, with

notable clearness, in Tyndall's
" Forms of Water." Ice

becomes liquid under pressure; the water formed spreads
out over the surfaces that are being squeezed together;
and, the moment that the pressure is relieved, this water

becomes solid again and cements the two blocks together.
Thus ice broken by crevasses and on ice-falls will reunite

into a granular plastic mass, the required relief from

pressure being afforded by the onward movement of the

whole.

This movement of the glaciers enables them to play a

most important part in the denudation of high mountains.

We have already seen how some glaciers look dull grey
or brown upon the surface, owing to the immense quantity
of dust and small stones that are dropped upon them. But
in addition there is at each side a line of far larger blocks,

which have fallen upon the glacier from the rocky walls

of the valley in which it is descending. Frost wedges off

these blocks in the upper regions, and sometimes torrents

add material in the lower part of the glacier's course
;
but

the blocks, however huge, are carried downwards by the

steady flow of the ice, and the valley-walls above the glacier
cannot become banked up and protected by the products
of their own decay. The lines of stones thus produced are

called lateral moraines. All the material carried by the

glacier is, of course, dropped at the end as it melts away,
and there forms a great loose deposit known as the terminal
moraine.

If we visit the foot of a glacier soon after sunrise, we
shall see the stones falling over the great ice-slope and

1 J. C. Mc
Connel, "On the Plasticity of an Ice-Crystal," Proc. Royal

Soc. London, vol. xlix, p. 325; Emden,
" Ueber das Gletscherkorn," Nouv.

Mtm. Soc. Hdvttique des Sci. Nat., tome xxxiii (1893), p. I.

D
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bounding down into the stream as it flows out below. All

through the night these stones have been thrust farther

and farther towards the edge, and now the sun is just

warming them, loosening the grip that the ice has upon
them, and allowing them to fall in quite an abundant
shower. At all times of the day some blocks or other are

about to drop over the edge, but we may not be so lucky
as to catch them precisely in the act.

The terminal moraine is undermined and spread out by
the rush of the stream, and forms a huge bank of boulders,

pebbles, and sand, stretching away into the open valley.
Wherever glaciers are at present smaller than they have been
in the past, we see the old lateral moraines, like the walls of

some ancient fortification, on either side of us
;
the ice-mass

has shrunk and narrowed, and has left these stone-ridges
behind it. At the same time the terminal moraine will, as

the ice retreats, stretch back farther and farther up the slope.
In the glaciers descending from Mont Blanc, towards both

Chamonix and Courmayeur, the stranded lateral moraines
form very conspicuous features.

Medial moraines also occur
;
these are lines of stones

running down the length of the glacier at a distance from
the valley-walls. They are easily traceable to the place where
two glaciers join one another in the higher regions ;

here two
lateral moraines meet, and are carried on together as a single
medial moraine. Wherever the glacier, moreover, breaks

against a prominence of rock, and flows round it on either

side, uniting again below, a medial moraine is likely to be
formed

;
so that sometimes seven or eight lines of dbris

may be seen running down the length of a great glacier.
The work done by ice in this way as a carrier is greater than
that of any other agent ;

blocks as large as houses can be

conveyed many miles from their parent source and deposited
as mysterious strangers in the great terminal moraine.

In some countries the snow-line is so low, or the accumu-
lation of snow in some mountain-hollows is so great, that

glaciers are able to descend to the level of the sea. Then
there is, properly speaking, no terminal moraine

;
the end of

the glacier, continually pushed forward into the sea, becomes
floated up, since ice is lighter than water

;
the crevasses

become filled with the moving water, and huge masses of ice

are broken off as icebergs. They go floating away upon the
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ocean-currents, carrying their load of ddbris from the land,

until they are at last melted in warmer waters. If there is

a regular drift of icebergs in a particular direction, towards

a latitude where they all become melted away, a sort of

scattered terminal moraine occurs there, forming a vast bank
beneath the sea. A deposit of this kind is being produced
in the Atlantic Ocean, where the land-ice borne on the

Labrador current meets the warmer waters from the south.

Floating ice, then, carries coarse materials to far more
remarkable distances than any ordinary glacier. Whether
borne by a glacier or by floating ice, boulders deposited in

a distant area are styled, from their wandering character,
erratics.

There is no wonder that the streams rushing out through
the terminal moraines of glaciers are white with mud and
sand. But, if we enter the ice-cave, we shall see that the
stream is already muddy when it issues from the glacier;
the material carried along by it must have been gathered
farther up the slope. As a matter of fact, the crevasses of

glaciers allow of numerous stones falling to the bottom of

the ice
;
there they become held in it, and serve as formid-

able tools for cutting into the rocks below. The fine dust
and sand, in part falling from above, in part produced by
this cutting action, works like sand-paper in smoothing the
floor over which the glacier moves. These materials, accumu-
lated in and beneath the glacier, have been styled the ground-
moraine. Wherever glaciers have shrunk, or have sunk
farther into the valley that is continually being deepened
under them, we see the smoothed rocks left behind to bear
witness to this scouring action. Some rocks, such as lime-

stones, take a polish from the passage of glaciers over them
;

others, such as granites, are only ground down to a broad
clean curving surface

; sharp scratches occur in these sur-

faces, and sometimes also coarser grooves, where the larger
stones have cut into the more uniform work of the fine sand.

Bocks that have been treated in this way are said to have
suffered from glaciation, or to have been glaciated.

The tendency of such grinding action is to smooth off

and round every angle of an obstacle beneath the glacier,
such as a projecting mass of rock in the valley-floor ;

but the
front of any rock which faces down the valley will be left

fairly rugged, though the glacier grinds away the back into
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something like a dome. A series of such rocks, when revealed

to us by the retreat of the glacier, will give a hummocky
appearance to the valley ;

on going up towards the glacier,
we see merely the rugged ends of these bosses

;
on looking

down the valley, all their smoothed and rounded surfaces are

exposed to us. Such glaciated rocks are called roches mou-
tonn^es

;
and it is often said that this is due to their re-

semblance to a Hock of sheep lying down. This, however, is

an error, since moutonnt means "
frizzled like a wig." De

Saussure,
1 who first applied the term, says that the rounded

rocks look like a well-dressed fleece, or one of the wigs

styled in his day moutonnfos.

When we see whole mountain-walls smoothed over in this

way, and the floor of a valley for miles carved into roches

moutonndes, we are apt to get an exaggerated notion of the

powers of glaciers as agents of excavation. As a matter of

fact, the valley is constantly being deepened by the swirling
action of the streams beneath a glacier, and every new sur-

face exposed is promptly scoured smooth by the stones held

in the ice. But it appears that the ice itself is so plastic
that the upper layers of a glacier will move over the lower

ones, if the latter encounter a serious obstacle
;
and hence

the glacier itself is probably not a more gigantic agent than

an ordinary mountain-torrent in cutting out a valley-groove.
But the special feature of glacier-action is that the ice

removes on its back, or included in it, so much debris which
otherwise would cumber the mountain-side

;
it keeps the

upper precipices always clear, always exposed to the renewed
attacks of frost. Glaciers thus largely assist that vertical

form of denuding action which we have seen to be charac-

teristic of the higher regions of the mountain.

Huge pot-holes may in places be excavated beneath gla-

ciers, by the cascades of water derived from the melting of

the upper surface of the ice. These waterfalls go thundering
down into the crevasses, and are kept sometimes steadily at

work, the crevasse continuing to open at the same point of the

valley, despite the onward flow of the glacier. They gradually
cut shafts for themselves, down which they pour, and which

are known as moulins, or ylacier-mills. The rush of water thus

beats upon any loose stones below and carves out holes and
basins. The shifting of the moulin, which often occurs, as it

cuts its way back in the ice, may in time produce consider-

1
"Voyages dans les Alpes

"
(1804), tome ii. p. 435.
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able basin-like depressions in the glacier-floor, the surface of

these hollows becoming striated and polished by the action

of the ice which enters them. 1

When the ice diminishes, the work of these mills is re-

vealed to us, as in the Gletschergarten of Lucerne (p. 32).

Moreover, the larger rocks borne by the glacier are often

left stranded in strange positions on the mountain-sides.

The finer material of the moraines may eventually be washed

away, and these perched blocks remain conspicuously over-

looking the present valley. Perched blocks are often thus

seen resting on the backs of roches moutonntes.

Finally, the terminal moraine must in part consist of the

stones and sand that have become included in the glacier
and are extruded as it melts. Many of the stones will be

strongly scratched and striated, often in several direc-

tions, as they are turned round and round under the ice.

Where the glacier descends to the sea-level, they may remain
stuck into the base of the icebergs, and become floated away
into regions far removed from giaciation.

So much for our excursion into the higher regions of

the earth. We may now be convinced of the truth of our

observation on our own mountains, viz., that denudation is

far more rapid, more serious, more precipitous in its effects,

near the summits than on the valley-sides. The pinnacles
that loom above us as we look up from the shore of our

little tarn are models, as it were, of the aiguilles of Mont
Blanc, or even of great mountain-peaks like the Grivola or

the Matterhorn. When, after a sudden shower, we hear the

stones rolling down the gullies and scattering upon the fan-

like talus, we can form some notion of the constant crash of

ice-loosened blocks into the glacier-valleys of the Alps. No
lecture in geology was ever so impressive to me as a few
words of Mr. W. F. Donkin, describing how he and his com-

panions camped one night in a hollow under the ridges of

Mont Blanc, and watched a huge rock leaping down towards

them, tracing its course by the showers of sparks that it

drove out of the granite wall. The fallen blocks upon our

own slopes point to action almost as violent
;

witness the

superb masses in the Pass of Llanberis, which, though their

fall is now luckily rare, are fully Alpine in their grandeur.
1 See T. D. La Touche, "The Erosion of Rock-Basins," Nature, vol.

xlix (1893), P- 40.
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But is there no other resemblance between our mountain-

hollow and the Alps ? Look carefully at the outlines of the

rocks that lie between the wall of crags and the steep descent

into the valley. The floor of the hollow itself, unless the

taluses have crept too far across it, and the numerous swell-

ing bosses of rock within it, are wonderfully smoothed. The
outer rim of the lakelet shows the same rounding and smooth-

ing ;
and here and there, on the descending slope, we look

down on the bare back of a dome-like rock, only partially
invaded by the damp green moss. Surely there is a mean-

ing in these curving outlines. (See frontispiece.)
The dome-like rock faces down the slope as a steep little

crag, in contrast to the smoothness that it shows upon the

side towards us. Surely we have here the features of an old

glacier-floor, with veritable roches moutonndes.

If so, we may well look further. There are suspicious

groovings on the rocks nearest to us
;
but these may have

been caused by the constant run of small stones over them

during storms. But turn back the thin covering of grass
and moss from one of the more protected surfaces

;
here

we find cuts and scratches, mostly running in one direc-

tion, beautifully preserved, and unmistakable as signs of

glaciation.
It will be worth while now to go down to the stream

again, where it has carved a section in the gravel of the

slope, and to see if any of the loose stones have scratches

on them, as if they had come out from beneath a glacier.
We may have to search for a long time, since much of this

broad talus is of fairly modern origin ;
but in spots where

the materials are slate or limestone, or any rock likely to

receive scratches easily and yet not to be broken up into

powder, we may be rewarded by a rich find of striated

Stones. Sometimes, under a mere superficial coating of

fallen blocks, we may come upon a true terminal moraine,
with great masses dropped from the surface of the glacier
and scratched stones thrust out from below. These marked
stones will often be the first things to reveal to us the former

presence of glaciers in the district which we are examining.
Such stones may have been floated hither in the base of ice-

bergs when the present land lay beneath the sea
; but, when

we find them in conjunction with striated surfaces of solid

rock, and with roches moutonn&s pointing in a fairly uniform



A MOUNTAIN HOLLOW 55

direction, we may be sure that we are actually standing in

the track of an ancient glacier.
It is only in the last fifty or sixty years that the meaning

of such striated surfaces has been known to us. Even in

Switzerland, when De Saussnre wrote his famous "
Voyages

dans les Alpes," they were not connected in the minds of

observers with the former extension of the glaciers. But

now, thanks to Agassiz, Forbes, Ramsay, and other writers,

we have been taught that vast areas of our British Isles were

at one time covered with moving ice. How much of our

glacial deposits were laid down on dry land, or how much in

seas in which floating ice abounded, is still a matter for dis-

cussion
;
but again and again the smoothed rocks and roches

moutonn&s show that genuine glaciers were at work.

Indeed, most of our mountain-hollows have been glaciated.
The Snowdon district provides us with admirable examples,

conspicuous among them being the lonely hollow of Cwm-glas
(see frontispiece), into which we can ascend from the centre

of the Pass of Llanberis. There is a light bridge leading to

a farm across the stream, and then we go up to a huge round-

backed rock, the steep end of which faces down towards us.

This is the great roche moutonnde of the lower portion of the

cwm. The loose blocks around, and in the soil beneath us,

are part of the local moraine, and are mingled with those left

by the greater glacier that once swept down the pass. In
those days the craggy walls were doubtless far higher, as may
be judged from the enormous ddbris on the slopes ;

and above
them were hollows full of ndvd leading up to the snow-peaks
of the central mass. We may now pass round the great
roche moutonnde, noticing the perched blocks upon other

similar mammillated masses which project out below us
towards the road. Somewhere in the left-hand curve of the

cliff that now faces us, we shall find a steep passage leading
into the upper cwm ;

and by this we can ascend to two desolate

little lakes. In the height of the tourist-season, when hun-
dreds of visitors stand daily on the crest of Snowdon, Cwm-
glas remains one of the noblest and loneliest spots in Wales.
The road is lost sight of some 1 500 feet below

;
the precipitous

semicircle of crags, ranging round us from Crib-Goch, forms
a gloomy and often cloud-capped background ;

and the grey
floor of the cwm, with its two sunless little lakes, lies strangely
bare beneath us, completely smoothed by glacial action.
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But similar hollows abound in the uplands of North Wales
;

the corries of the Scotch highlands, as we may note again
and again, have been moulded and finished off by glacier-ice;
and the pale quartz-hills of Connemara, the granite chain of

Leinster, and the Reeks of Kerry, all give evidence, by their

striated surfaces, of recent glaciers in our islands. Near

Finchley, in the north of London, scratched lumps of hard

chalk and other stones, with rubbed fossils carried from a

distance, are found freely in the brickyard-clays. Near

Dublin, the hollows of the granite mountains, and all the

surface-gravels of the county, are full of limestone pebbles,

exquisitely scratched by glacial action. Upper Lough Bray,
a favourite resort in the Wicklow highlands, is closed on the

higher side by the characteristic cirque of precipitous rock,

and is banked up on the lower side by a coarse terminal

moraine. The schistose hills, again, beyond Lough Tay
farther to the east, are strewn with huge erratics of granite
carried from the central range. The assistance given by ice

to the formation of cirques may be realised in the higher

Alps of Switzerland. Here frost-action and the battering of

mountain-winds are the active agents in cutting back the

walls of rock, and vertical cliffs of semicircular form result,

whenever one part gives way more readily than another.

But the snow that falls so freely slips down these precipices
and gathers at their foot

; any snow that manages for a few

days to cling to the wall finally slides into the hollow, carrying
loosened stones with it and helping to cut grooves in the

rock-face. At the base of the cirque, in what seems an

absurdly limited space, a glacier is formed, which flows out

at the open side in a steep ice-fall. The blocks torn off by
denudation become swallowed up in the snow on the surface

of the glacier, and only a few enter the hollow itself down the

crevasses
;
the ice thus protects the hollow, keeps it clear, and

smooths and striates its floor. In one of the superb photo-

graphs taken by the late Mr. W. F. Donkin (Plate II), we
see such a cirque at the base of the peak of the Matterhorn

;

and it is, as it were, a vivid restoration of the former condi-

tion of our British mountain-hollows. Were the little glacier
to melt away, a tarn would be left, with a striated floor,

beneath the grim theatre of the cliffs, like those of Cwm-glas,
or Moelwyn, or Llyn-y-Gader on Cader Idris (fig. 2).

Two of the barest and clearest regions for the study



PLATE II.] SNOW-FILLED CIRQUE
AT THE BASE OF THE MATTERHORN, SWITZERLAND.

From a Photograph by the late Mr. W. F. DONKIN, bypermission <7/"Messrs. SPOONER & Co.
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of perched blocks and rochcs moutonndes are the dark hollows

of Loch Coruisk in Skye, and the more accessible region
south of Killarney, along the road from Kenmare to Glen-

gariff. Let us travel thither, and to Switzerland also, to

continue our studies when we can. Meanwhile, any simple
mountain-hollow will have taught us much in an afternoon.

And now, as we descend in the twilight, the clouds are

already gathering on the crests behind us. We come down

among the great loose blocks again, critically inquiring
which of them have merely fallen from above and which
have been stranded by ice-action. Some, like the grey
flinty boulders so common on the hills around Llangollen,
are obviously strangers, and must have been ice-borne from
a considerable distance. When we at last strike the high-

way and tramp homeward through the dark, we can still

hear the far sound of waters falling across the blackness of

the rocks. And we know now that work is going on up
yonder, and that next mornrng the sun will send his rays
into the hollow, already shining upon new things and spying
out the changes of the world.

FlG. 2. ClRQUK AND LAKE, LOWER LOUGH BRAY, Co. WlCKLOW.

(Photographed by the Author.)



CHAPTEK III

DOWN THE VALLEY

THE course of any river is full of variety, as we follow it

down from its source in the hills, through the long windings
of the valley, across the open plains, and away to the distant

sea. On every side there are things to interest us, and

the river itself is the moving spirit of it all. Our great
cities would not be where they are were it not for the

rivers, which gave water to the early inhabitants before

the days of deep wells and costly aqueducts. In many
cases the town was established where ships, the light sailing-

vessels of former days, could come up and land their

merchandise direct upon the quays just as great steamers

still do below London Bridge, or at the Broomielaw in

Glasgow, or along the Custom House quay in Dublin. In

other cases the river divided hostile tribes, and the town

grew up at some ford, where it was necessary to plant a

fortress and to keep a constant watch. Whether we travel

down the Thames, the Loire, the Danube, or the Rhine,
we see how the flow of the water and the form of the river-

channel have had their influence upon history. And then,

besides all this, long before man came into the country, the

river was working out an elaborate history of its own.

Many streams have simple beginnings, just as we saw

among the barren highland rocks. The rain falls, and

leaps in tiny cataracts down every crack and groove ;
on

some shelf the water is stopped, and gathers as a little

lake, or forms with the mosses a soft mountain-bog ;
from

this a true streamlet rises, finding its way down among the

grass-slopes and the fallen stones.

In some places, however, this water sinks in and dis-

appears. Rain falls on sandstone or common limestone,

where it becomes soaked up, and may sink to considerable

depths. Such rocks, through which water can flow, are

called permeable rocks ; the water finds its way between the
58
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mineral particles, or even, in the case of limestone, dissolves

the material and works out little channels for itself. In

our summer, the air is so warm and the days are so long
that the rain which occasionally falls and sinks in becomes

dried out again in the form of invisible vapour, and thus

does not help to form an underground supply. But the

winter rainfall, on the other hand, produces a quantity of

water which flows slowly through the permeable rocks, and

this is the supply that is often reached by the wells in old

villages and farms. The ground becomes, in fact, water-

logged, because the water cannot sink indefinitely towards

the centre of the earth. It is soon stopped by some im-

permeable layer of rock, such as clay or granite, and con-

tinues to gather in the mass above. If the layers of rock

have a slope in any particular direction, the water will flow

Sea

FIG. 3. SECTION ILLUSTRATING THE ORIGIN OP SPRINGS.

A, inland heights ; L, limestone
; C, clay. Springs will emerge at B.

down this as long as there is some means of escape at the

other end.

Imagine (fig. 3) a great layer of limestone resting on a

layer of clay, and both tilted up so that the higher end forms
the crest of a range of hills; and let the lower end come
down to the sea-side, forming a limestone cliff, with the clay

just showing on the shore beneath. Kain will fall heavily

upon the heights, and will, in the colder months, accumulate
as a great body of water in the limestone. The tilt of the

rocks will cause this water to flow towards the sea, and it will

produce a number of little streams gushing out over the clay
surface on the shore. Here we have a line ofsprings formed,
which will flow steadily so long as a good rainfall especially
a good winter rainfall is kept up on the higher ground
inland.

Springs arise where underground waters find a con-
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venient outlet. When the gathering-ground of the water
is high, we may sink a well upon some much lower

portion of the permeable rock, and thus form an artificial

spring. A " head
"

of water occurs in the distant mass at a

higher level, which presses the water upwards in the outlet

provided by the well, and forces it to flow out upon the
surface.

Sometimes we may find a permeable rock lying between
two impermeable masses, and the whole three layers may be
bent into a basin-shaped form (fig. 4).

Thus on all sides the

permeable rock is exposed at the surface by this upward
bending, and receives rain, which sinks into it. But the
water runs down and accumulates in the centre between the
two impermeable layers, thoroughly waterlogging the mass.

FIG. 4. SECTION SHOWING PRINCIPLE OP ARTESIAN SPRINGS AND WELLS,
AND ORIGIN OP BOURNES.

B, pervious stratum
;
A and c, impervious strata

; s, sea-level. Bournes

may arise at x and x', and an Artesian well may be made at w.

If we now bore down through the upper impermeable layer,

anywhere near the centre of the basin, the water will rise

freely ; and, if the sides of the basin have been bent up high
enough, it will flow out copiously as a fountain on the sur-

face. Wells made under these conditions are called Artexian

wells, from the fact that successful ones were constructed in

the French province of Artois as early as 1126 A.D.

It will be clear that any permeable layer of rock will be
drier near its upper surface, and that the water stored up in

it will rise to a certain level in the mass, this level being
nearer the surface at some times than at others. Any natural

excavation or hollow which reaches down to the lowest of

these variable levels will be occupied by a permanent spring.

Many other hollows will be full of water in certain seasons

only usually after a succession of wet winters and may
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perhaps remain dry for several years together. Such tem-

porary springs are called Bournes in the south of England,
and are common on the surface of the soft white permeable
limestone known as Chalk (fig. 4).

Water that has thus passed through a considerable mass

of rock becomes filtered, and issues in most cases as a de-

liciously clear and cool spring. Near Albury, under the

Surrey Downs, there is the famous Silent Pool, where the

water comes out of the chalk along the surface of more

clayey rocks, and is so transparent that one may stoop down
and see the fishes apparently swimming in pure air. It is

difficult to tell where the water below us actually begins.
But this water has dissolved calcium carbonate (carbonate
of lime) in its passage through the limestone, and is by no
means chemically pure. Any material, however, that may
have been held by the water in suspension, when it flowed

on the surface of the Downs, has been completely filtered

out during its underground wanderings.
Other underground waters gather compounds of iron in

solution, and these compounds break up and oxidise on

exposure to the oxygen of the air, forming hydrated iron

oxide, which stains the water brown
;
this substance is itself

insoluble, and is deposited as a film on twigs and stones over

which the streamlet flows. In the neighbourhood of copper-
mines, again, the rocks are sometimes wonderfully stained

in vivid greens and blues, by the deposition of compounds
of copper from a soluble condition in the springs.

Sometimes in a steep country-road, such as the lanes

leading up over the sandstone of Leith Hill in Surrey,
we may see, after rain, tiny examples of springs and

streamlets, rising and bubbling through crevices in the

surface. The ground below us has become temporarily

waterlogged, and the little tricklings that come out along
the cracks and easiest passages soon cut out channels for

themselves in the roadway, just as streams do in a moun-
tain-side.

Thus some rivers may arise in a series of well-marked

springs, others from the outlets of mountain-lakes, and
others direct from the melting foot of a great glacier. But
the majority have their sources in a vast number of little

tricklings, which wander through some soft bog-land on the

upper levels of the hills. In our visit to the mountain-
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hollow, we have already noticed snch waters running through

tiny channels just below the surface of the ground. They
unite into little but well-defined rills, hundreds of which

may go to form what we call a stream. And then some-

how, with scarcely a distinct beginning, this stream leaps
and murmurs on the hillside as a thing that can no longer
be overlooked. Afar off we can see its waterfalls foaming ;

its course can easily be traced across the brown and purple
of the moorland

;
and on either side of it the heather will

shrink away, and grass and bog-moss will form soft green
borders to the waterway. The old settlers planted huts

beside it, and drove their cattle across the fords
;

it became
a feature of the highlands, something distinct and interest-

ing, a river at last worthy of a name.

Now, if we are going to study a river-valley, we may
as well choose one that has plenty of variety, and that will

show us the river in many moods. Let us come away into

the eastern Alps, into the mountains of Tyrol and Karinthia,
where the rocks and waters are always fighting it out one

against the other. It is not at all a bad thing to look

occasionally at the great showy diagrams of the world, and
then to come back to our own islands with the certainty
that Nature is at work there also, though the illustrations

are on a smaller scale.

It is a wonderful landscape that greets us as we rise in the

early morning, after our long railway-journey across the heart

of Europe. Our Tyrolese village, with its square white houses,
roofed with pine-chips, and its church-towers terminating in

quaint vermilion bulbs, lies still and dark between the forests

of the valley-head. A band of cloud still wanders slowly
between us and the upper pastures, where two or three brown
chalets are catching the first shafts of sunrise. Along the

high-road, the road to Karinthia and the east, a white-sleeved

and blue-aproned peasant is driving some fifty or sixty goats
with tinkling bells. The clock on the old market-house
strikes four, and we look up and see that the clouds have

already almost left the woodland. All round us the peaks are

rising in a pale blue air of morning not the great snow-
masses and glacier-basins of Switzerland, but mountains

stranger and more fascinating than these, crest and ridge and

pinnacle of clear grey limestone
;
and to-day each ledge is

marked by freshly fallen snow, which picks out the outlines
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of the crags, and which nowhere veils them. The level sun-

light makes all the eastern side of these pinnacles a warm and

golden brown
;
we can see the deep clefts and knife-cuts, as

it were, between them, and the steep shoots of fallen stones

in every groove beneath the crags. If a block falls now, we

may hear it in the stillness, leaping in great bounds down the

grey talus, and starting a rattle of smaller ones along its track.

Those peaks and barren walls not only mark a region too high
and cold for trees

; they also extend wherever denudation is

still active, the limestone, with its huge vertical joints, send-

ing down block after block, and offering no resting-place for

the fir-woods. Wherever the layers of the rock are bent into

long sloping curves, with 110 sheer crag above them, there the

trees have climbed up in safety, and look down the precipices

upon the denser woods below.

Wherever a recent fall of rock has occurred, the scar upon
the mountain is pale yellow or orange-brown, the colour

gradually darkening as weathering goes on, until the surface

again becomes uniform and grey. We have only to glance
round to see how frequent such falls are, and how the taluses,

concerningwhich we speculated among our British mountains,
are here growing almost before our eyes. It is fairly easy
to distinguish the recently fallen from the older blocks upon
them

;
and away there in one place an unusual down-rush

has crashed into the lower forest, rooting up the spruce-
firs and the larch-trees

;
and their dead stems, sloped over

towards the valley, are seen in forlorn clumps here and there,

surrounded by angular blocks of limestone. The grass has

gone, the whole loose slope of the forest has been channeled

out, and the track of the great stone-slide resembles the

hollow of a stream.

Among these broken forest-slopes, between the clumps of

rhododendron, and whortleberry, and vigorous heather spread-

ing towards the open air, we find damp little patches of bog-
moss and rich grasses, where springs, fed by dew and snow,

gather and begin to bubble forth. All these go to feed the

rapid torrent down below, which is bridged by the high-road
in the village.

If we were to come just as the winter snows are melting,
each of the humble tributaries of this torrent would itself be

seen in all its glory. At present they are lost among their

great stone-banks, among the conical taluses in which each
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one ends towards the valley. But the stones in these cones

are often rounded ;
the water has evidently strength enough

at times to roll one against the other
;
and the wonder is that

the central valley is not choked up by the activity of these

irregular side-streams.

On the eastern side of the Arlberg Pass, leading down to

Innsbruck, one may see magnificent cones of this kind, at the

base of the most insignificant grooves in the upper rocks.

Year after year the streamlets rise in flood, and shoot out

the debris which is daily collecting in the cleft. The huge
cone, on which vegetation tries here and there to cling,

receives a new coating, and sheds some blocks, new or old,

into the valley. Like a cloud-banner gathering on a moun-
tain, it is constantly being added to at one end, and carried

away piecemeal at the other. Frost, and the insidious root-

lets of plants, and mechanical grinding together in the waters,

finally break up the lower blocks
;
and the main stream has

power at these high levels to carry off the detritus, and to

allow of further accumulation at the upper end.

This "
creep

"
of the whole hillside downwards, leaving

the crags as much exposed as ever to the attacks of denuda-

tion, is a feature of any steeply sloping country. Our old

buildings frequently give evidence of it
;
thus the Abbey of

Valle Crucis, near Llangollen, built in 1200 A.D., is buried

on its north side some seven feet by the creep and accumula-

tion of the fields, which now stretch evenly from it towards

the valley-side, with walls and houses built upon them. The
cathedral at Lismore, again, on a steep slope above the Black-

water, is similarly banked about with earth, which seems to

have crept down upon it from the south and to have flowed

gradually round it. Of course such evidence of forward

movement of the soil can be best gathered where the

building which has formed the obstacle has been allowed a

long period of disuse and disregard.
It is obvious that the river in our Tyrol village must still

be powerful enough to cut out its course and to deepen the

whole valley in which it runs. Eecords of floods and of dis-

astrous denuding action are abundant in the history of the

village. Houses have been cut in two, road-embankments

have been swept away, whole fields have been swallowed up
in stones or carried down into some neighbouring hollow;
and this sort of thing may happen every six or seven years,
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giving the inhabitants a continual struggle with the stream.

In places the pebbly area on either side has been abandoned
to a rough growth of young willows, through which a few

shifting paths lead to the swift green river, the actual bank
of which is always varying its position. Where such varia-

tions become dangerous, embankments are built out, in stone

and timber, and attempts are made to "
correct

"
the river

and to give it a fair straight course. All the bridges are

made of wood, and can be repaired by local carpenters ;
a

stone bridge would be so much waste of time and money.
Even the side-streams, which may be dried up for half the

year, have their floors artificially paved, and are conducted
with care in stone-lined channels across the slopes. Every-
where the water, armed with the stones supplied to it from
the crags, is recognised as an enemy, as a battering, cutting,
and swirling agent of destruction.

To pass down one of these valleys of the Eastern Alps
after a season of storm and flood is indeed a lesson in denuda-
tion. Among the undermined and shattered houses, every
active peasant is turned out to cope with the pebbly wastes,
which have encroached upon the highways and the fields.

The women, with baskets on their backs, are working knee-

deep in the stream, bringing loads of stone for new embank-
ments, until the water is "corrected" once again. Here
and there, in the narrower gorges, we may find the road

carried away for several yards, and timbers laid down provi-

sionally across the gap, until a new foundation can be built

up firmly from below.
The great ravine of the Valle del Ferro in the Venetian

Alps, through which a railway now runs from Karinthia to

Italy, shows striking examples of the excavating action of a
torrent. Here working in behind some projecting spur, and

widening a vertical joint until the little promontory becomes
an islet

;
here battering at the heavy masonry that supports

the road, until foreboding cracks open in it upwards from the
base

;
here taking advantage of some fold or grouping of the

layers of the limestone rock, and eating out caves at the foot

of the enormous precipices everywhere the river can be seen
in its full health and strength, fashioning its own gorge,
rolling down the pebbles along its bed, and cutting like a saw
across the very ridges of the Alps.

As we leave our village in the valley-head, we soon come
E
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to a region where no further cultivation is possible, and

where the chalets have been posted on green ledges high up
above the stream, or have altogether vanished, owing to the

steepness of the mountain-sides. We enter, in fact, one of

the gorges or canons 1 that are so typical of the excavating

region of a stream.

The torrent, if left to itself, would naturally cut a deep
vertical cleft in the rocks presented to it. But to do so it

must work rapidly ;
for other agents are all the time smooth-

ing back the walls of the groove, sending down taluses into

the direct course of the water, and tending to produce an

ordinary valley with gently sloping sides. Some of these

canons, as the Americans call them, are so surprisingly sheer-

sided that older observers used to consider them as great
rents in the earth into which the rivers had found their way.

Everything goes to show, however, that they are merely
repetitions on a large scale of the little gullies that occur in

any mountain-streamlet. The water has laid hold of some
line of weakness in the rocks, and has worn out its channel

energetically along it. All rock -masses are traversed by
thin cracks, frequently running parallel to one another over

great distances, and known as joints. In some cases these

joints are due to the shrinking of the rock after it has been

formed, as occurs in many melted rocks on cooling ;
in most

cases some internal movement in the earth has twisted the

rocks, and has produced a great series of parallel and inter-

secting cracks throughout them. These joints, as we must
have noticed again and again, enable the rocks to be broken
down by frost or by quarrymen in huge masses at a time

;

they also serve as ready assistants to the river. One set of

them is likely to be practically vertical, and the water may
happen to run approximately in this direction. Some one

joint is laid hold of, and is rapidly widened by the flow.

Its walls, owing to the parallel joints in the mass, become
worn back vertically, the rock flaking off in slabs on either

side
;
and the gorge, when once started, may weather back

and widen at the top, but will deepen and deepen, until the

torrent flows in a mere knife-cut of a valley at the bottom,
its sides towering almost sheer in cliff and terrace to a height
of half-a-mile or more. In the famous ravine of the Via

Mala, on the Spliigen Pass in Switzerland, the lowest cut is

1 Pronounced "can-yons."
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in places oblique, and is so narrow that, on looking into it,

the overhanging side conceals the stream from view. In

all canons it is interesting to see whether the directions of

jointing, or the relations of hard and soft rocks lying against
one another, have influenced the general direction of the

water-flow, and consequently of the resulting gorge.
In the ravine we now enter, nothing strikes us so much

as the ease with which it might be choked for a time by
any ordinary rock-fall from its sides. Such falls must

speedily be obliterated by the torrent, or the period of

excavation would soon be over. As we go down the road,

which is in one place cut in the wall of the precipice, in

another built out into the stream, we see above us steep

side-gullies opening into cirques among the higher peaks.
Stones stand in the mouths of some of these, ready to be

driven over in some day of desperate storm. A few such

blocks might serve to close the channel altogether. But
the force of the river is so great that it bursts such dams

again unfailingly ;
a few masses are left, like islets towering

from the foam, and the others, shattered and broken down,
are added to the pebbles which rattle against and under-

mine the cliffs. The river again asserts itself and continues

to deepen the ravine.

Such a gorge, with occasional glimpses into the recesses

of the mountains far above, may continue for seven or eight
miles. A steep cone of detritus clings here and there

beneath some channel of falling water on the sides
;
but

for the most part the walls are grim and sheer. A sharp

eye may sometimes detect old stream-levels on the higher

portions of the cliffs, where the torrent formerly could

undercut the wall or has drilled out a long-fronted and
shallow cave

;
but these levels have been long ago forsaken,

and the canon is still in process of formation it has not

yet reached its greatest splendour.
Its mouth opens on an expansion of the valley, with

a green flat floor, eagerly seized on by the agricultural

peasantry. The rocks here may be different in character

from those hitherto traversed, and the torrent, sweeping
from side to side, has been able to widen back the valley.
Or side-streams may have indented the walls and brought
down more material than could here be swept away. Clearly
at some time the valley has been choked, and the work of
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the main stream has then been confined to spreading out

the detritus evenly. If, for instance, a talus-fan, the broad

end of some huge cone, has encroached upon it, the river

has worked away at the base of it, and has laid out the

material in level stretches across the floor. The talus and

its fellows on either side have continued to slip forward, and

the stream has risen upon the pebble-beds which it cannot

sweep away. Dammed back occasionally by a slip of greater

magnitude, it has overflowed its bounds and converted the

expansion of the valley into a lake. The head of water

thus produced has at last overcome the barrier, and the

level pebble-banks, gently deposited during the lake-period,
have become drained fairly dry, and have been finally covered

with vegetation. The river is now seen wandering through
them, as it did through the meadows of its gathering-

ground ; and, as it cuts its way down again in a narrower

channel, it becomes turned to one side or the other by any
large block that bars its way. Its course is thus winding
and uncertain, and it sometimes forms long loops and

doublings, only to cut through finally by a more direct

route, leaving its former curved bed desolate and dry.
Such a grassy level, with the stream winding across it,

is styled an alluvial flat, and the material laid out by the

river is known as the alluvium. The stream is frequently

cutting away its bank on one side and depositing pebbles,
the new alluvium, on the other, where some promontory or

sharp bend checks the flow. Hence the alluvium is always

undergoing redistribution, and is liable to be flooded over at

any time and restored to a fairly uniform level.

Such basins of alluvium, which are frequently the site

of ancient and temporary lakes, are common along Alpine
rivers. As we cross this one, we see the valley again con-

tracting ;
the road drops more steeply, and enters a wilder

country in a series of bold windings ;
and soon we are in a

second gorge we have left the area of arrested flow and of

deposition for another one of rapid excavation.

In this way, limited by a number of local accidents, the

alluvial flats, with villages clustered on them, and grim
defiles, echoing only the roar of waterfalls, succeed one
another in this active portion of the river. In time we
shall reach an area, some 2000 feet or so below the sources

of the stream, where the flow is no longer sufficient to do
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much in the way of excavation, and where ordinary atmos-

pheric agents, rain and frost and wind, have had things

mostly their own way. The valley becomes a more ordinary
one

;
that is, it has grown wider far more rapidly than it

has been deepened.
Here, then, the talus-cone will appear in its best de-

velopment, stretching from the pebble-strewn floor of the

valley backwards at a gentle angle towards the crags. If

we look closely, the prominent features of the lower slopes
will be seen to arise from the arrangement, and even from
the overlapping, of these great detrital fans. In places they
have become fairly consolidated

;
trees have grown upon

them
;
and the side-streams to which they owe their origin

never in these days flood across the whole. By successive

downpouriugs of boulders, the water has slowly raised itself,

running upon the central line of the conical slope ;
and then,

in ordinary weather, it cuts little channels in the yielding
material and tends to undo its work of deposition. But

every now and then it rises fiercely and spreads new pebbles
broadcast

;
the old channels are obliterated, and, when the

storm is over, a real addition has been made to the cone,
a real step forward has been taken towards the ultimate

destruction of the higher crags.
The result of this uplifting of every torrent upon its own

fan of detritus is that the villages in our valley are so situ-

ated that we go uphill into them from either side. They
had to plant themselves where they could get at the water,
and there is consequently a wooden bridge in almost all of

them, at about the highest point of the road across the cone.

This is contrary to one's ideas about well-conducted streams,
which usually run in valleys of their own, instead of on these

broad and convex slopes.
To secure the houses from being attacked, the stream

has to be rigidly
" corrected"

;
but there are acres on either

side of it which have a very fluctuating value. And the

lowest part of the fan, though covered with a straggling fir-

wood, is traversed by numerous branches of the stream, like

the mouths of the Nile delta, and is thus practically useless

for cultivation. Below stretches the waste of alluvial stone-

banks and dwarf willows, with the main stream rushing
aggressively in the midst of it, along its variable curves.

This type of valley-side is continually presenting new
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problems to the peasant. The vast taluses, banked up one

against the other, have no firm connexion with the rocky
wall behind. The swirling action of the river at their base,

or a few hours of rain, lubricating the pebbles and soaking
far down within the mass, may upset their equilibrium and

cause a widespread movement. Such landslides are so

frequent that men are enrolled in every commune, whose

duty it is to turn out and to help to reconstruct the roads.

I was cycling with a friend one evening across the broad

talus-heaps to the east of Imst, not far from Innsbruck. It

was a wild summer, with thunderstorms every night amid

deluges of August rain
;
and one of these sudden downpours

had just reached us. We were pushing on in the dusk

through the rough and ragged woodland, where few of the

trees enjoy sufficient quiet to grow into a handsome middle-

age. All at once we saw that the road had given way before

us
;
the stones were moistened with the rain, the limestone

dust between them being converted into mud
;
and the hill-

side was here in motion like an oozy river across our track.

It was a striking sight, this steady flow of stones, into which

we could have dipped our hands
;
but our position, and that

of our machines, were too insecure to allow us to stay long

upon the brink. We retraced our route for some miles,

noting at other points how suspicious yellow mud-flows were

beginning to creep out across the roadway. Next morning
we found that the material had come to rest, after cutting a

groove in the more coherent portion of the slope and flowing
down into the main valley of the Inn.

To dwellers in these valleys such accidents are part of

ordinary life; and the extensive areas of gently shelving

ground that remain untouched by cultivation show how these

lower slopes are continually liable to change. A map of such

a country on a large scale, say I : 25,000, or two and a half

inches to a mile, would be out of date after any stormy season.

Landslides of fair magnitude may actually dam up the

main stream, and may thus cause a rapid flooding of the

higher portion of the valley. Such slides are common in the

gorge of Lienz, the material coming down from the side-

valleys into the narrow channel of the Drau
;
and these

heaps of detritus have to be cut through artificially, to check

the formation of a lake which ultimately would overflow and
burst out down the gorge. In former days, this excess of
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supply over the means provided by Nature for carrying it

away has choked many ravines, and has even formed per-
manent and narrow lakes within them. More often the

evidence points to the lake having burst through the barrier
;

and the torrent has since reasserted itself, and has carved its

channel easily down to its former level through the thickly
accumulated alluvium of the lake.

But remarkable changes may occur in the geography of

so unstable a district, and that in a few hours, especially in

areas where man is not on the alert. Let us imagine a pass
in the mountains, where two rivers rise, one falling down an

eastern, and the other down a western slope ;
and let a side-

stream enter the eastern river, close to the summit of the

pass. A landslide from a neighbouring mountain may occur,
and may cross the junction of the tributary and the main
stream

;
it may thus divert the former into the western river,

providing a slope for it across the pass, and so profoundly
altering the system of natural drainage. Such an event

might easily have happened at Toblach, in central Tyrol.
The river Kienz has already been invaded by taluses, which
have formed the little Lake of Toblach

;
and a great slide

from the Sarlkofl might even now turn its waters eastward,
and thus drain the Hohlenstein valley into the Black Sea
instead of into the Adriatic.

So we may fully recognise, as we before hinted, that

maps of uncultivated countries, if we only make them large

enough to show the details, are at least as often in need of

rectification as the plans of rapidly growing towns. We said

rightly that Nature was at work all round us.

In these higher valleys, the changes wrought by ordinary
landslides may be altogether surpassed by true landslips,
which are often catastrophic in their scale. Records of terrific

rock-falls are common in the history of Alpine villages ;
as

usual, the more magnificently developed the mountain-range,
the more it is exposed to violent action, the more rapid are the

phases of its decay. The rocks of a great chain, as we shall

see in another chapter, are intensely folded one upon another,
and hard layers may lie inclined upon softer ones at steep

angles among the mountain-peaks. Enormous masses, once

connected, become cut into fantastic forms by denudation,
and finally may be undermined and may be rendered utterly
unstable. From one cause or another, whole mountain- crests
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may become loosened and detached
;
thus in one case an

earthquake released the mass, in another the balance was
disturbed by simple quarrying-operations at its base. Land-
slides and landslips of course graduate into one another

;
but

the typical landslip is a thing that cannot easily be fore-

seen, and that may result from centuries of stress among the

folded masses of a mountain.

It is difficult for us to conceive in the British Isles the

far-reaching effects of one of these huge rock-falls. As
we said when we sat among the debris in our mountain-

hollow, our own hills have got past the stage of violent

catastrophes. The great landslip near Axmouth, in Devon-

shire, which occurred in 1839, gives one some idea, however,
of the changes that may be produced in a few hours. Sir

Charles Lyell, in the later editions of his "Principles of

Geology," has made us familiar with its details. At this

part of our coast massive beds of chalk and sandstone rest

upon clays, which slope outwards towards the sea. The

permeable rocks allow water to soak down until it reaches

the clay, where it lubricates, as it were, the natural inclined

plane provided. On December 24, 1839, about a mile of

the coast slipped seaward, producing great rents and fissures

in the mass, and forcing up the broken material on the

shore in front of it to form a ridge some forty feet in

height. (See also Mem. G-eol. Survey,
" Cretaceous Rocks of

Britain," vol. i. (1900), p. 193.)
The east coast of County Antrim, from the occurrence

of a precisely similar series of beds, is continually subject
to small landslips, and at Garron Tower a mass of chalk,

capped by basalt, nearly two miles in length, has sunk 100
feet and more from the main plateau, owing to the yielding
of its supports.

In the Alps we have unfortunately too many records
of landslips in the upland valleys. With very few excep-
tions, they have occurred in the areas of stratified rocks,
that is, rocks disposed in layers one upon the other.1

One of the most recent and most carefully studied
instances is that of Elm, among the Alps of Glarus, which
was reported on by Professor Heim. On September u,

1 See Neumayr, "Ueber Bergsturze," Zeitschr. der deutsch. u. cesterrcich.

Alpenvereins, Bd. xx (1889); A. Irving, "'Bergsturze' or 'Landslips,'"
Geol. Mag., 1883, p. 160.
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1 88 1, a rock-slip descended from the Tschingelberg above

the village, three falls occurring in twenty-one minutes.

The ddbris came down like a waterfall, the enormous blocks

leaping from terrace to terrace of the mountain, and finally

rushing on like a flood over nearly level ground for about

a mile. This river of stones even scaled a hill to which

a number of the villagers had fled for safety, and it travelled

in the valley-floor at the rate of thirty miles an hour.

In 1806, a mile of the face of the Eossberg, a mountain
at the south end of the Lake of Zug, fell into the valley
between that lake and the Lake of Lowerz

; 457 persons

perished, and the huge blocks of conglomerate were heaped
across the pastures and the villages. At the present time

the area is traversed by the St. Gotthard railway, and on

all sides the sharply angled masses, as large as houses, can

be seen scattered across the slopes, in a matrix of gravel
and fine sand. The old rocky bosses in the valley have

been swallowed up by the great flow of boulders, which
have climbed the hillocks and lie like perched blocks upon
their summits. The bare crag of the Bossberg rises two
miles away above this extraordinary and impressive land-

scape.
A similar scene of abrupt destruction is crossed by the

high-road from Italy, as it ascends to Cortina in Southern

Tyrol. The last great slip took place here in 1814; and
the road is at any time liable to be invaded by a further

creep downwards of the debris. Both here and beneath the

Bossberg, respectable little fir-trees have already planted
themselves upon the boulders, and serve to emphasise the

enormous size of the fallen masses.

Professor Heim has also pointed out how the valley of

the Vorder Bhein, from Ilanz to Beichenau, has been in-

vaded in very early times by a landslip from the neighbour-
hood of Flims. The detritus has formed hills 1800 feet

high above the valley-floor, and the whole mass of this pre-
historic fall is calculated as 15 cubic kilometres,

1 or 1500
times as great as that of Elm. In fact, a range equal in

size to the Malvern Hills seems to have been abruptly

1 A. Heim, "Der alte Bergsturz von Flims," Jahrb. des Schweizer Alpen-
klub, Bd. xviii (1883), p. 300 ; and Heim,

"
Geologic der Hochalpen zwischen

Reuss u. Rhein," Beitrdge zur geol. Karte der Schweiz, Lieferung xxv (1891),

y. 431, and pi. vii, fig. 6.
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planted in the Rhine valley, as a mere incident of the long
series of attacks which have been going on for ages, and which
will ultimately destroy the Alps.

It may be worth while to try and find some measure for

the masses which are thus transferred in a few minutes from
the crest of a mountain to its foot. Any visitor to Dublin
is familiar with the bold promontory of Howth, which rises

like an island on the north side of the bay. It is a pictur-

esque feature, rising 560 feet above the sea, and is about two
miles across in all directions. Its form makes it possible to

calculate its mass above the sea-level with fair approxima-
tion. Now the Elm landslip brought down 10,000,000 cubic
metres of rock, and ninety such falls would destroy the whole
of Howth. Sixty landslips like the Rossberg would similarly
remove it

;
while the two great falls from the Diablerets in

central Switzerland in the last century were together equal
to T\th of Howth. The prehistoric landslip of Flims, however,

according to the figures of Professor Heim, would have re-

moved seventeen Howths at a single blow. The mass of

material brought down would, in fact, have built a causeway
fifty- six miles long, half-a-mile wide, and 660 feet in height.

The Isle of Wight, with its area of 1 5 5 square miles, may
be expected to form a feature of our south coast from this

time on into far-distant epochs. But, were its rocks elevated

into the perilous positions occupied by beds of the same age
in the Alps, their existence would at once become endangered.
The matter is brought home to us somewhat startlingly when
we realise that the catastrophe of Flims would have carried

away half the island.

We have already seen how our typical Tyrolese valley is

liable to be converted locally into a lake by landslides from
the mountain-walls. A considerable and abrupt landslip may
similarly dam up the river, and may even provide a permanent
barrier. A fine example of this kind occurred in India, in

September 1893, ^n the neighbourhood of Srinagar.
1 The

rock-falls from a mountain above the village of Gohna con-
tinued for three days, accompanied by clouds of white lime-

stone dust, which spread for miles. Blocks, as at Elm, were

projected for distances of a mile, and broke down trees

across the valley. A wide dam of detritus, weighing, on Mr.

1 T. H. Holland, "Report on the Gobna Landslip, Garhwal," Records
GeoL. Sarv. of India, vol. xxvii, p. 55.
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Holland's estimate, 800,000,000 tons, finally occupied the

hollow, and converted the upper reaches into a lake three
miles long and a mile and a quarter wide.

Mr. Holland's prediction as to the date when this lake
would overflow was verified almost to a day in August 1894.A gorge was speedily cut through the dam, a great rush
of water occurring in the first few hours. The geological
effects of this flood, moving at twenty -four miles an
hour and rising 150 feet in some parts of the valley,
gave a valuable lesson in the distribution of stones and
boulders. 1

Our contemplation of the huge unstable talnses, and of
the old rock-scars above them, must now for the time come
to an end

;
we must

move farther down
into another region
of our valley. Here
the floor is flat, and
is used for smiling
meadows

;
but the

walls on either hand
come down verti-

cally, in striking

contrast, and there

seems no relation

between the sides

and the bottom of

the valley.
We stand at the

foot of one of these great cliffs, and look across at the oppo-
site one a mile or more away. We have here something like

the gorges of the higher regions, only on a somewhat bolder

scale
;
but the area from cliff to cliff has been filled in with

alluvial pebbles (fig. 5). It is a portion of the valley where

deposition has, for a long time, been in excess of excavation
;

too much detritus has been cast into the stream.

It may be that landslides and stormy seasons aided in

the choking of the valley ;
and the stream may now be cut-

ting its way down again, swiftly and dangerously, between
cliffs of loose alluvium. The valley of Aosta on the south

side of the Alps shows us banks of pebbles now cut through
1
Nature, vol. 1. p. 596, and private communication.

FIG. 5. SECTION OP GORGE CHOKED WITH
ALLUVIUM.

A, alluvium
; s, the subsequent groove formed

by the stream ; T, a talus or detrital cone, which

has grown out over the alluvium.
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in this way, and the railway-engineers experienced curious

difficulties in making their artificial cuttings. Some of these

had to be roofed over and converted into tunnels, to prevent
the constant slipping in of the sides. In the case of rapid

streams, the banks are always changing, and short work
will be made of the alluvial flat if artificial checks are not

resorted to.

Sections in the alluvial infilling of our valley will give us

an insight into the work of the river as an accumulator
;
and it

will be well to find our way down one of the steep zig-zag paths
to a little bridge, from which we can view both banks. The

pebbles are not thrown down without method or arrangement,
as they might be in the products of a landslide which has

come to rest. On the contrary, a distinct grouping in beds or

layers is visible (Plate III). Here a coarse mass of boulders

lies heaped together, the rounded blocks sticking out con-

spicuously on the steep bank above us, like skulls in a giants'

graveyard. But below them the pebbles lie with their longer
diameters generally horizontal, as they would if one took a

heap of them and smoothed it out on a flat table with the

hand
;
the water in this case has acted as the hand, and has,

in swaying them this way and that, finally formed a layer of

them, which we technically term a stratum. The plural of

this word is strata, and when we say a rock is stratified, we
mean that natural agents have deposited its constituents in

a series of strata one upon the other.

Beneath the stratum of pebbles comes one of sand, with

a few small stones scattered through it. When this was

formed, a quantity of finer material, perhaps a muddy and

sandy flow from some side-valley, was being brought into

the higher reaches of the stream. Or the stream itself

became checked in its flow by alterations in its course or in

the form of the valley-floor above, and could no longer carry

along the larger stones. So it merely brought away the finer

sand, with a few little pebbles, and for a time made beds out

of these, as if there were no coarse materials up the valley.

We shall see later, in observations at the river-mouth, how
far this process of natural sifting may be carried.

If we examine the coarser strata in this section of the

alluvium, we shall find the sand there also
;
but it is dis-

tributed between and over the surfaces of the stones, which

are far more conspicuous. Under the bridge some one has



STRATIFIED SANDS AND GRAVELS,
SHOWING FINE AND COARSE MATERIALS, ANTRIM.

PLATE III.] [Photographed by Mr. R. WELCH.
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confidingly left one of the shallow wooden pails which are

used for carrying water or milk, or for washing clothes,

throughout this mountain district. If we borrow it, and
throw some of the material from a coarse-grained stratum

into it, we can imitate the final separating action of the

stream. Let us fill up the pail with water and shake it

briskly from side to side. If we pour the contents out

quickly, the rush of water will carry with it pebbles and
sand and mud alike, and we reproduce the action of the

river when it formed the original stratum. But if we deal

more gently, we find the top layers of the water becoming
thick with the mud and sand, among which, if the sun is

shining, we can see a number of tiny flakes of mica gleaming ;

and now we can pour off this finer material and leave the

coarser and more unwieldy stones behind in the bottom of

the pail. The particles of sand and mud and fine mica have

probably quite as high a specific gravity as the stones that

remain behind
;
but they offer so large a surface in propor-

tion to their mass that they are easily washed about in the

water and become poured off with it.

We have now imitated the action of the river when its

current is more gentle, and when it begins to sift apart the

alluvial materials for redistribution in the lower part of its

course. We may even go further, and by careful washing,
and by allowing the disturbed material to stand for a short

time, we may find that the sand will settle, while the finest

mud can be poured off. Then we can, as a second stage, wash

away the sand, leaving only the coarser pebbles ;
and thus we

may, like the river in some places, produce a triple separation.
The layer-structure, which we call the stratification, is

not very regular in these rough materials, and no one stratum
extends for any long distance in the section shown us in the

bank. The beds of finer sand lie on one another, sloping in

various directions, a certain number being deposited by a

current swirling one way, and then others following under
the influence of a different movement of the stream. Such
a structure, where the beds do not all slope one way, is

known as current-bedding. This irregular stratification is

further disturbed by the pressure of coarse boulders, which
become rolled down in exceptional seasons; and the group
of blocks sticking out above us proves how very variable

is the action of a mountain-stream.
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When a great bank of such detritus has been exposed for

a long time to rain and weathering, gullies are cut in it by
the storm-rills from above, and these vertical grooves become

rapidly deepened. But the larger blocks serve to protect
the portions immediately below them from denuding action,

and conical pillars result, carved out by rain, some excep-

tionally large stone forming a cap at the summit of each.

These tall cones can be seen on any hillside where banks of

old detritus have been subsequently excavated into cliffs;

Glencullen, near Dublin, contains fair examples of these

earth-pyramids, and the soil at the bottom of any hedge,
when examined after a shower, will show the same feature

pleasantly in miniature.

The more we remain in the bottom of the present
stream-cut, beneath these walls of loose pebbly alluvium,
which perhaps rise 100 feet above us, the more we shall

believe in the carrying power of the torrent. Its action is

so violent that even the hardest rocks are converted into

smooth round pebbles by friction one against another
;
and

Professor Bonney
l has told us that 3000 feet of descent in

the upper reaches of an Alpine stream is sufficient to round

pebbles of ordinary hard rocks, such as granite. As we
noted upon the mountain-slope in our own islands, the

smaller materials become more slowly rounded than the

coarser, owing to their being buoyed up and kept apart by
the flowing water. A stream travelling at four miles an

hour at the bottom of its bed can move forward pebbles
nine inches in diameter, and two-inch pebbles can be moved

by a flow of only two miles an hour at the bottom.

The steep slopes of the stream-beds in the upper region,
the region of excavation, greatly assist the rapid denudation

of the valley-head. A Bulgarian student, M. Baeff of

Shipka,
2 has recently given us some interesting results of

a year's observation of the Arve, one of the most striking
torrents of the Alps. He finds that the solid material

brought down by this river in suspension is greatly increased

by only a slight increase in the volume of the water, while

the matter carried invisibly in solution is much less variable

in amount. The level of the river is highest in summer,
which is likely to be true of any stream resulting from the

1 "The Rounding of Pebbles by Alpine Rivers," Qeol. Mag., 1888, p. 60.
8 " Les Eaux de 1'Arve ;

"
Geneva, 1891.
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melting of snow and glacier-ice ;
and any increase in volume

of a stream upon a steep slope means a great increase in

its velocity and its power of transporting pebbles. The
total quantity of material removed, both in suspension and

solution, from the mountains of Savoy by the Arve during
the year 1890 was found to be 965,457 English tons, a

very considerable figure when we remember that this action

is continuous. This is, of course, a true torrent, the Arve
of Shelley

" Where power in likeness of the Arve comes down,
From the ice-gulfs that gird his secret throne,

Bursting through these dark mountains like the flame

Of lightning through the tempest."

But the denuding work of rivers may be appreciated
when we remember that an almost equal amount of material

is brought down annually by the Thames. In this case,

Sea

FIG. 6. SECTION SHOWING A SLOPE OP i IN 17.

however, the great bulk is carried in solution from the ex-

tensive tracts of limestone over which the river flows.

The actual fall of the River Arve in the first twenty-eight
kilometres of its course, through the Valley of Chamonix
from the ridges of Mont Blanc, is 1700 metres, or i in 17

1

(fig. 6), the steepest slope that an ordinary railway train

can climb being about i in 38. If we take an example
from the mountain-streams in our own islands, say the
River Liffey as it descends from the moorland down into

the county of Kildare, we find that it has a fall in the same
distance of only 336 metres, or i in 83. The Rhine, again,
as an example of a long river, with its course of 760 miles,
falls on an average 10 feet per mile

;
but in the mountain-

ous part of its course, from the glaciers on the Bernardino,

1 That is, if we measure off 17 metres, or kilometres, or feet, or inches,
along the river's course upon a map, in that distance the floor of the valley
has approached I metre, or kilometre, or foot, or inch according to the
unit selected towards the level of the sea.
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through the alluvial fields of Spliigen, and down the ravine

of the Via Mala, it falls 200 feet a mile, or I in 26. From
Bale to its mouth, on the other hand, it descends only about

1.6 feet per mile, or I in 3333.
But no mere comparisons can give us the true effect

of our Alpine torrent, as it comes down in Tyrol uncon-

taminated by glacier-mud, clear and green and swirling,

rejoicing like a giant to run its course. Like most good
things of the world, it compels us to go forth and visit it, if

we would grasp its meaning thoroughly. It varies in habit

from point to point, now cutting its groove, now laying
down its burden and spreading itself out in lazy shallows, as

we reach the gentler portion of the valley.

Here, for instance, is a long stretch of alluvium, where
the river is now powerless to do more than redistribute the

detritus during occasional floods. The sheer sides of the

valley show that in former ages cutting action was predomi-
nant

;
but the gorge is now choked, the gathering-ground of

the torrent has been lowered too far by denudation, and the

period of deposition has finally set in. The story of all

streams is alike excavation at one end and deposition at

the other
;
and the area of deposition extends slowly back

up the valley as time goes on.

The Ehine, between Chur and the Lake of Constanz in

eastern Switzerland, shows the alluvial stage very strikingly.
Old stone causeways have been discovered some 1 5 feet below
the present surface of the valley -floor; and the cliffs at

Hohenems and elsewhere drop sheer into the alluvium, show-

ing the former gorge-like character of the valley. The river

and its tributaries have brought down so much material that

the whole course of the water has been changed by the de-

trital banks. In prehistoric times the Rhine flowed past the

site of Sargans, and away through a narrow valley which it

had cut for itself to the north-west. The Lakes of Walen and
Zurich occupy part of this old course of the Rhine

;
but the

streams flowing from Sargans into the gloomy hollow of the

Lake of Walen are now very trifling in their volume. By slight

shiftings of its alluvium, the Rhine has banked itself out of

the ravine of the Lake of Walen, and has crossed northward
into another valley leading down into the Lake of Constanz.

The relations of these two valleys can be seen in any good
atlas

;
and the levels around Sargans are such that it would
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require no great feat of engineering, the cutting of a barrier

only fifteen feet in height, to turn the river again into the

deserted gorge of Walen. 1

Little hills, which have escaped complete burial, stand

out above the general flatness of the Rhine-alluvium
;
but on

the whole the floor of the present valley is in singular con-

trast to its sides. The 111 comes in at Feldkirch, bringing
down pebbles from the Arlberg Pass

;
and it shoots out from

a fierce little gorge into a great alluvial level four miles wide.

Fifteen miles north of this the Lake of Constanz opens, and
arms of detritus are being thrust out into it, and threaten in

time to cut off the port of Rorschach from Lindau.

Wherever a lake, indeed, occurs, from one cause or

another, in the valley of a mountain-stream, it tends to check
the flow and to cause a deposition of the material that is

carried in suspension. The lake becomes shallower, banks
of mud and sand are to be seen beneath its waters, and little

reedy islands spring up around the mouth of the main stream.

The mouth itself, like that of the Rhine at Rheineck, may
become fringed with alluvial banks, which run out like flat

breakwaters on either side of its course into the lake. The
water washes through these occasionally, and a number of

small mouths may arise round about the main one. The

general alluvial deposit forms a very shallow cone, like an

exceedingly flat fan-talus, its apex lying up the valley and
its broad end spreading into the lake. Such a deposit is

known as a Delta, from the resemblance of its form to the

Greek letter A. In smaller lakes, like the Toblachersee of

Tyrol, the mode of origin of deltas can be very clearly studied
;

and in our own islands, as at the Upper Lake of Glendalough,
in Wicklow, we can often look down from the heights into

some black tarn below, and see the grassy alluvium above
the upper end stretching on continuously under the water
in brown and sandy shallows.

In time these lakes become completely filled up, and an

elliptical alluvial flat results, covered with vegetation, through
which the river winds. Such vanished lakes, not drained by
some catastrophe like the bursting of the Gohna dam, but

simply abolished by alluvial action, may be detected again
and again in our wanderings, if we continue to cultivate an

eye for varying forms of surface.

1 See Reclus,
" Nouvelle Geographic universelle," tome iii, pp. 55 and 60

F
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If we still follow our Tyrolese river down east to the

country of the plains, we find the signs of deposition increas-

ing, the signs of cutting-action rare. Soon, perhaps among
the woodlands of Styria, the river becomes navigable for

pine-rafts, which go swirling down upon its full broad sur-

face, the men straining at long oars to guide them round the

rapid bends. And finally the hills about us sink down under

long waves of golden corn-land, which stretch eastward in a

still hot midland haze
;
small villages of one-storied houses

lie scattered among the fields, connected by irregular and

dusty roads. Far away there is a dull panting sound, and we

may see a drift of smoke out there across the level sun-

light. It is the Danube steamer, journeying southward to

Belgrade.
At this point it is well to look back, and to consider the

action of our river as a whole. Clearly, it has carved out its

own valley, just as the little storm-torrents carve out their

grooves ten or twenty feet deep in the loose soils of a hill-

side (p. 29). The form of the sides of the valley depends
upon a number of circumstances, many of which we have
noticed as we wandered through it. The beautiful promon-
tories, seen shading off one behind the other, with approxi-

mately the same outlines, as we look up towards the valley
head, are really parts of the great wall formed by the action

of the river, the hollows and combes between them being
cut back where tributaries come down from the sides. The

general form of the walls, where the rain and the river work

together, shows a steep slope in the neighbourhood of the

stream, then a more gently shelving region, on which the

summer chalets stand among the grassy
"
alps," and finally

the region of the upper rocks, where frost-action assists the

driving rain-storms in maintaining a rugged and pinnacled
wall of crags. A section (fig. 7)> accurately drawn to scale,

across one of the steepest pieces of scenery in our islands,
will show the general outlines well. The steepest valley-
side is here 40, and others reach as much as 35, an ordi-

nary stiff slope being about 30. In the centre we have the

crag of Sgtirr Fhuaran, one of the great masses in the west

of Ross-shire, 3505 feet above the sea, or about the height
of Snowdon. On its left is the hollow of Glen Shiel, and on
its right, across another glen, we see the broad back of

Beinn Fhada. The construction of such sections, from the
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contoured maps issued by various governments, is always a

useful lesson in physical geography.
Above this, also in

fig. 7, we have drawn, to the same

scale, a section across one of the most impressive valleys in

Europe, the Val de 1'Allee Blanche, on the south side of

Mont Blanc. The spurs of the gigantic mountain are set

with startling granite pinnacles, or aiguilles; but in this

section we have passed down a less broken portion of the

slope, and have secured the general curve of the valley-side.
The highest point on the left is the summit of Mont Blanc,

15,730 feet above the sea
;
the same sea-level line is used as

for the Scotch section below. The dome of snow at the

summit ends abruptly in a craggy descent to the gathering-

ground of the Glacier du Brouillard. We then descend a

very steep slope beside the glacier, which melts away shortly
before we reach the valley. The floor of the valley is occu-

pied by the moraine-covered Glacier de Miage, after which
we climb a rocky slope and pass along the arete of Mont
Berio Blanc. Yet the curves of this wild and magnificent

landscape show a remarkable resemblance to those of Sgurr
Fhuaran and Beinn Fhada

;
the difference is, after all, one

of scale rather than of form.

When we speak of rivers performing so much cutting-
action in proportion to the slope on which they run, it is

clear that some sort of slope must have existed before the

river began to run. The course of a stream is primarily
determined by the occurrence of a watershed, a region

elevated, slightly or greatly, above the sea, and sloping
down towards it on either side. Water condensed out of

the atmosphere on the watershed must flow down one slope
or the other

;
and there may be either a boggy upland along

the summit, or a mere knife-edge of jagged rock. You may
sit, for instance, on the ridge of Le Chenaillet, on the fron-

tier of France and Italy, and kick stones with one foot into

the waters that feed the Adriatic, and with the other into

those flowing to the Golfe du Lion. Or you may look

down from a knoll in the forests of North-East Bavaria

into three great river-systems the Elbe on one hand,

wandering thrpTigJi Bohemia/,, -the Main on the other, a

mere affluent of the lordly Rhine; and in the south the

hollow of ^th^P.aiiubei.alroadly.a considerable stream, with

1400 miles yet to s*un to its delta m -the Russian seas.
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The watershed once determined, the rivers pick out the

lines of greatest steepness ;
but other circumstances, such

as the arrangement of hard strata against soft ones, the

folds of the strata themselves, or the direction of the prin-

cipal joints, come in to modify their course. 1 Soon the

slopes become cut into by a series of main valleys, which are

joined by lateral ones, branching like the subdivisions of a

fern-leaf
;
and the drainage-system of the country is set up

along these well-defined grooves. The action of the torrents

and waterfalls of the steeper regions is to cut back the head
of the valley ; and, as this goes on on both sides of the

watershed, two valleys finally meet at their heads and form
a notch in the mountain-ridge. Such a depression in the

main ridge is called by mountaineers a col, and forms a

pass, or place of passage, for those adventurous persons who

prefer to see the world from both sides.

By this cutting back of a valley-head, the river may
come in time to look as if it had originally risen on the

farther side of the watershed and had forced its way across

it.
2 It may even draw off into itself the tributaries that

formerly flowed into an opposite river-system ;
it is only a

question of one river cutting back its gathering-ground at a

quicker rate than its rival on the other side of the pass.
Other river-systems open up more serious considerations,

which can only be answered during one of our later journeys.
When we find in any district the channels of the waters

passing right across the ridges of the hills, from some source

far upon the other side, it becomes a question as to which
were in existence first, the rivers or the hills themselves.

The fact that mountains may be very modern features will

perhaps be impressed upon us when we return some day
and examine their internal structure. Meanwhile, if we
look round about us in a summer holiday in our own islands,

we shall notice in the course of any upland river the essential

features that we have studied in the Eastern Alps. On a

grassy col, with the brown foot-track wandering across it,

and the clouds driving up now and again from the hollows

before a western wind, we may see the gathering-ground of

1 For a discussion of the effects of earth -structure on the course of the
River Drau, see Suess,

" Antlitz der Erde," Band i. p. 3^9.
2

Cf. R. D. Oldham, "The River-Valleys of the Himalayas," Journ.
Manchester Geogr. Soc. (1894).
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the streamlets, and the black pools of the bog-land drain-

ing out on this side and on that, one set of waters going,

perhaps, to the Irish Channel and the other to the German
Ocean. We may follow down the watercourses through
their torrent-stage to spots where they are checked by
rocky barriers and deposit their alluvium

;
and here we are

likely to find walls and buildings, the outposts of the highest
farms. We may come across valleys, like Glencullen in

County Wicklow, once choked with gravel, and now again

being cleared out by the stream
;
and in the lakes and on

the lower broader slopes we may see the formation of deltas

and shallow terminal fans.

Now and then we may even have excellent models of all

these things in a few yards of slimy shore. The clay-beds
on the east and west coasts of the Isle of Wight, and, still

better, the foot of the cliffs at Cromer, show one in miniature

most of the features of river-erosion and deposition. The
rain-showers, or the little springs, cut channels in the soft

materials, and form fans of the matter which they wash down
in suspension. On the surface of these fans the tiny river

divides and ramifies, in imitation of the great ttibris-con.es

of Tyrol. An enterprising child with a spade can soon pro-
duce a shallow lake, and can observe how it becomes filled

and obliterated by the encroachment of a delta at its upper
end. After storms, and often without adequate warning,
mud-flows come down the channels excavated by the rills

;

and thus even the more catastrophic features, the very land-

slides of the Alps, are reproduced on a convenient scale

before our eyes.



CHAPTER IV

ALONG THE SHORE

IT is a fresh morning on the shore, with a light breeze blow-

ing landwards, and the sun marking the broad blue band of

open water beyond the shadow of the cliffs, and the white

gulls sweeping far away to sea. Bight and left the rocks

run outwards, with a mile of bay between
;
and a little river

comes down on the left side of the curve, its mouth now

deepened and walled in so as to serve as a harbour for the

boats. On the same side the cliffs are fairly low, and a

fishing-village clusters on them, its successive tiers of white

houses being connected by steep lanes and flights of steps.
The coast-guard station, with a well-kept lawn before it, and
a signal-gun set neatly in the middle, stands on the plateau
which forms the summit of the cliff.

On the right, however, the landscape has a sterner air.

A bold headland runs out to sea, with rocky islets at its base.

The cliff rises some 700 feet from the water, and no sign of

a landing-place is visible. The wild-birds have it all their

own way there, and even the coasting-steamers do not dis-

turb them, passing as they do outside the farthest islet. A
white lighthouse, gleaming this morning in the sun, is planted
on that outlying rock to mark the dangers of the channel.

Looking again towards the little harbour, we see that one
or two buoys and beacons are set about the river-mouth, as if

the entry was not plain sailing ;
and we may learn that a

certain amount of dredging is resorted to, in order to keep
the passage clear. Here, in the compass of this mile of bay,
we have half the problems of the shore-line of a continent

and the sea.

The river, though it is not strong enough to roll along

great pebbles, brings down a quantity of sand and mud from
the inland country, and has been known to be quite thick

and turbulent after heavy rains. At present it looks quiet

enough, and we can see the usual deposit of broken china
87
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and gleaming meat-tins lying in the bottom of it under the

lowest tier of houses.

However, it has now and then scoured all this out, and
cat alarmingly into the pebbly bank, and has even exposed
the hard rocks which crop out in ribs farther down the shore.

The materials of the floor were freely carried out to sea, to

be added there to the growing banks beyond the harbour.

Then came a time of gentler deposition, when mud covered

up the floor again, and so brought things to their present
and more comfortable condition.

So this stream goes on forming its delta, where the
current is checked on meeting the broad waters of the sea.

Moreover, the deposition of material carried in suspension

goes on more rapidly in the mixture of salt water and river-

water than it would in the fresh water alone. It is a pretty

experiment to take two tall glass vessels, and to fill one with
fresh water and the other with water of about the degree of

saltness of the ocean. Then pour into each equal quantities
of fine dried clay, and stir the mixture thoroughly. In a few
hours the salt water will be seen to be markedly clearer than
the fresh water, the material in the former case having
fallen far more rapidly to the bottom. Hence substances

brought in suspension from the land are deposited close to

the shores, and are only slowly sifted out farther by the
action of the lower currents of the ocean (p. 100).

It is no wonder, then, that deltas in many places, despite
the wash of waves on their outer rim, grow steadily forward
from the shore

; thus, at the wonderful mouth of the Missis-

sippi, the river runs out between banks of its own, as far as

some sixty miles from the ordinary alluvial coast-line. The
delta of the Ganges pushes itself southward in some fourteen

or fifteen tongues, with a total width of about 180 miles;
and the Danube similarly makes an encroaching delta at the

southern angle of Ronmania, the apex of the A being fifty

miles inland, and the seaward front curving forward in the

semicircle which is typical of such deposits.
It is difficult to say how much of Venetia would be left

if we were to wash away the deltas of the Alpine streams

descending from the north, to say nothing of the enormous

deposits of the Po. As we run from Mestre to Venice, the

country is scarcely pure land or sea; we are on the very
fringe of the alluvium, and the growing banks and islets are
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being covered with vegetation, which serves to bind them

together, and to promote further deposits when the

water brings sand against the plant-stems. It is a strange
and melancholy landscape ;

and we soon realise how the

lagoon of Venice itself has been cut off by alluvial barriers

from the Adriatic. All these deltas, like our miniature one
in the fishing-harbour, grow most rapidly seaward in times

of flood and rainy seasons.

The rate at which deltas grow deserves careful con-

sideration, but its determination is beset with many diffi-

culties. When spread over a broad surface, the annual
addition to the deposit does not seem particularly thick ;

and a general survey of the great deltas of the world shows
that hundreds of years are required for the deposition of

a foot of strata. But such soft materials are continually

slipping seawards, and are easily weighed down and rendered
more compact by any new layer placed upon them; so that

a great addition may be made to them without the level

of the general surface rising appreciably higher above the
sea. Borings in the delta, such as have been made in sink-

ing wells in Egypt, will, however, reveal the total thickness

of the deposit, the earlier layers of which, essentially fresh-

water in origin, have sunk far below the level of the sea.

In our bay the tide has now turned, and the boats inside

the harbour are already beginning to heel over. In an hour
or two the space between the stone breakwaters will be
almost dry, except for the stream, which we can then see

wandering in the floor. Farther out, brown-pink sand-
banks are beginning to appear, the result of the sea's

action in throwing back the alluvium towards the shore.

These banks, full of land-detritus, and even in part made
of the old tins, and broken china, and so forth, carried out
in times of flood, are a portion of the true delta of the river.

They will be found mapped upon the Admiralty chart,

stretching seaward as long tongues and islands, with the

straight artificial channel cut in the midst of them, marked

by its buoys and beacons.

Doubtless a part of these sandbanks results from the
material brought along the coast by the currents of the
sea itself. The river-delta has only to thrust out an arm
which will obstruct the free sweep of the waters, and tons
of foreign sand and pebbles will be quickly planted down
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against it. This is a matter into which we shall examine
later, when we have climbed along the headland at the
other extremity of the bay.

Almost all rivers have their bars, produced by the

deposition of material from the land on the one hand, and
its rejection by the sea on the other. A barrier of pebbles
and other detritus is formed across the mouth of the stream,
and is often impassable for boats unless the tide is high.

All these banks and barriers, in which both the river

and the sea have played a part, come under the head of

estuarine deposits. Sometimes the fresh water prevails

against the sea, and true river-strata are laid down
;
these

beds, like the deltas formed in lakes, are called fluviatile

deposits, those formed by the sea itself being styled
marine. In the one series, the shells of animals that live

in fresh water will be found, to prove the mode of origin
of the strata

;
in the other series, marine remains, seaweeds,

&c., will be embedded. In any estuary, leaves, and twigs,
and even large trees, will be washed down from the land,
and will become covered up and preserved in both the

marine and the fluviatile deposits.
So far we have considered only the material brought

down by our little river in suspension ; but we may be
sure that its waters contain a good many chemical sub-

stances in solution. If we boil off a filtered sample of the

water in a clean test-tube over a spirit-lamp or a gas-burner,
we shall obtain these dissolved substances, which are left

behind as a white or creamy film clinging to the bottom
of the tube. Probably calcium carbonate is present in

the greatest proportion, while combinations of magnesium,
sodium, potassium, iron, &<x, will also occur, including
common salt, or sodium chloride.

Now all these dissolved materials pass through the sand-

banks, and over the bar, into the great sea unaltered. Some
are laid hold of by those unconscious analytical chemists,
the fishes and the molluscs and the sea-urchins, and other

living creatures that abound in the waters, and are ex-

tracted by them to form their skeletons and shells and

strengthening plates ; others simply go on accumulating in

the sea, which is salt accordingly, and is not fresh like the

water when it first descends from off the hills.

The "fresh" water of rivers is of course salt in some
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degree, but so slightly that we do not notice any taste in it.

It is only because of the great gathering of chemical salts

in the sea that we find it has a characteristic taste, which

is chiefly due to sodium chloride. This substance occurs in

ordinary rivers in the proportion of about .0035 per cent,

of any given weight of the filtered water, i.e., of the water

with the suspended substances removed from it
;
but in the

sea it forms 2.8 per cent, of the weight. The total salts

dissolved in river-water may equal .04 per cent, by weight ;

but in the sea they may be as much as 3.5 per cent. 1

If we evaporate off the water, and weigh out 100

grammes of the mixed salts that remain, the proportions
of these are found to be as follows :

2

Per Cent.

Sodium chloride ...... 78.32

Magnesium chloride ..... 9.44

Magnesium sulphate 6.40
Calcium sulphate 3.94
Potassium chloride ..... 1.69
Other substances, including calcium car-

bonate and silica 0.21

IOO.OO

We must remember that the oceans may have been salt

from the time of their first formation on the globe; but

their saltness must have been largely increased by the

enormous amount of material steadily brought down in

solution from the land. The air is continually absorbing

pure water by evaporation from the surface of the sea, and
the layer from which this water is withdrawn becomes in

consequence more highly charged with salts. Salt water
has a higher specific gravity than pure water; and hence
the surface-layers are constantly sinking, while other water

of less specific gravity rises from below. This process, by
itself, keeps up a slow circulation in the waters of the ocean.

Rain, on the other hand, forms a layer of fresh water on
the surface of the sea, which floats there until gradually

mingled with the salt layers below.

Near the mouths of great rivers the sea -water is

naturally less salt than in the open ocean; and seas with

1
See, for example, the analyses given in Huxley's "Physiography," pp.

125 and 128. 2
Kriimmel, "Der Ozean," p 94.
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narrow communications with the ocean become practically
like great lakes, and are far fresher than the average. Thus
the northern waters of the Gulf of Bothnia contain only
from .10 to .15 per cent, of salts, a figure increasing south-
wards and westwards to .86, 1.65 (at Kiel), 1.9, and finally

3 per cent, in the Skagerrak. Outside, in the North Sea,
we have 3.3 per cent. 1 Sea-water with 3.5 per cent, of salts

has a specific gravity of 1.027.
We have as yet left out of count the air dissolved in

sea-water. This is caught in among the dashing waves, or
is brought down by the rain, and allows the living creatures
of the deep to obtain oxygen for their breathing. In the

upper layers of the sea, at all events, the volume of oxygen
absorbed is to that of the nitrogen as 35 is to 65 (see also

p. 40). Air occurs, owing to the circulation of the ocean-

waters, included even in the greatest depths of the sea
;
and

the colder the water, the more air is it likely to contain.
If we wait until the tide again turns, and the line of

foam, where the waves break upon the sandbanks, draws
nearer arid nearer to the shore, we shall be able to watch
the work of the sea against the dark headland on our right.
As we walk across to it, over the loose and rolling shingle,
the dull boom, as of a distant gun, comes to us already.
The water has reached the farther points of rock, and is

bursting upon these obstacles with a shock at every line of

rollers; and, before we hear each sound, we can see the

spray rising in sudden clouds into the sunlit air across

the bay.
If we hurry on, we shall find those outlying rocks not yet

surrounded by the water. We come under the shadow of the
enormous cliff, and clamber over great angular blocks that

have fallen from it. Then we reach ribs of rock running out
seaward (Plate IV), with a little sand caught here and there
between them. Red sea-anemones lie, like lumps of jelly, in

the pools, and parts of the rocks above the level of low water
are covered with close-set barnacles and limpets and peri-

winkles, which are thus left dry twice a day. And so we
come to the pinnacles and bluffs of rock that will soon form
islands at high tide.

These sea-stacks looked small when we were over there

in the harbour, for above them rose the frowning greatness
1 Krummel, "Der Ozean," p. 97.
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of the cliff. But they really are a hundred feet or so in

height, and are composed of stratified rocks, of materials

disposed in layers, like those forming the base of the cliff

itself. The beds are tilted up in places, like a pile of books
that has been thrust over sideways ;

and the upturned edges
form ribs and ridges when worn down to the level of the

shore. Such ribs we have already noticed on our way out.

The great waves are now nearing us in force, breaking on
the seaward face of the stacks and booming in their crevices

and caves. Let us climb up the ledges of the rock above us

and look over towards the sea.

The summit is fairly smooth, like a sloping table, being
formed by the surface of one of the gently tilted strata

;
and

across it runs a huge cleft, down which we can look to the

very base of the sea-stack. On a ledge in the half-darkness,

higher than the ordinary spray, a few sea-loving ferns have
clustered

;
and one or two tufts of grass have actually estab-

lished themselves on the inclined table on which we stand.

As we look down, there is a sudden swirl and rush below
us. A roller has just burst on the sea-front, and the crest of

the wave has fallen, and has flowed on like a torrent into the

cleft. Its foaming edge laps into every seam and crevice
;

the tongue of water breaks on the closed end of the cleft,

and springs towards us in a cloud of angry spray. The roar

of it spreads far across the bay ;
it was this sound that we

heard as we left the harbour. Then the water drains out

again, for the tide is not yet high enough to keep the floor of

the hollow full
;
and we hear a grinding sound, as the pebbles

down there are being dragged seaward one against the other.

From one of the ledges below us the water flows out even
after the floor is again left bare

; clearly some hollow must
have been carved out above it, into which each wave can

penetrate. If we creep to the very edge of the stack, where
it goes down sheer into the sea, we shall learn further as to

the irregularities in its wall.

On one hand the stack sends out a promontory, and we
can see the side-face of this, with the strata running across

it like sloping bands. Under some of the ledges formed by
them, long hollows and caves occur, roofed by the bed above

;

and pebbles and boulders lie in these depressions. As each
wave breaks, these caves are flooded, and the stones are flung
inward against the farther wall. A swirling movement again



94 OPEN-AIR STUDIES

takes place as the water retreats, and each time destructive

work is done. The sea, with its tremendous battering-power,
is excavating caves, just as the streams make pot-holes ; only
the action is horizontal, rather than vertical, the water lashing
like a whip around the flanks of the sea-stacks and islets.

The cleft near us is only a widened joint, one of many
that run across the mass

;
and the form of the whole stack is

largely influenced by them. The constant attack of the spray

helps the rock to decompose ;
films of crumbling alteration-

products are formed on the surfaces of the joints ;
and blocks

become finally unsteady and fall into the widening gully.
Down below, the sea uses much more effective means

;
the

fallen masses, as well as the pebbles swept in from other

sources, are laid hold of as battering-tools and are hurled

against the rock
;
and thus a cave is formed, wide and shallow

at first, but continually deepening, its roof often falling in

and producing a very marked ravine in the sea-stack. Our
cleft has doubtless become wider by the removal in this way
of supporting masses from its base.

Out beyond us, quite surrounded by the incoming water,
is a stack which is bored through completely by an arch, as

bold in its proportions as that of a cathedral-transept. The

cave-cutting action has here drilled the mass through to the

other side, and it is only a question as to when the roof will

be so far weakened as to fall. In that case one pillar of the

arch will form a new stack or sea-pinnacle, which will become
all the more isolated from the main mass as the sea continues

to work round it.

This is the history of the tiny islands round about each

of the main stacks
;
over many of them the sea now flows

freely at high tide, and as many more must be permanently
below its surface. Every fall of rock furnishes the dashing
breakers with fresh and unworn tools

; every grinding of one
mass on another supplies sand and grit, which smooth the

surfaces and enable the water to slip on uninterruptedly to

further conquests.
As we look out towards the lighthouse upon the most

distant isle, we realise that the dangerous reach between it

and ourselves is filled with the worn-down stumps of islets

and the wreck of huge stacks of former days. All this

region was once part of the solid land behind us
;
the islets

were once united as a great promontory stretching a mile to
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seaward
;
and the waves have worked their will with it,

cutting it up into squares, like a regiment overwhelmed by
cavalry, and then attacking the bluffs separately, so that the

whole will in time inevitably disappear. When our eye has

got used to them, we can detect the beginnings of caves and

natural arches in every exposed face round us
;
and beneath

us we have the voice of the invader, triumphing in the dark-

ness of the clefts.

The spray now rises too near us, and is flung by the

wind across the seaward face. We must descend to the

little sand-spit, which still finds shelter behind the stack.

There is very little of it, and the pebbles stuck into it are

mostly derived from the stack itself. Soon the sea will lap
round and cover it, and will some day shatter its protector
and sweep the spot clean and clear, down to the more re-

sisting ribs of rock below.

These ribs of rock now represent for us the ruins of

the older headland. When we have crossed them again,

among the barnacles and seaweeds, to the foot of the great
cliff, we can look back and watch the sea racing in over

them, wave upon wave, and rattling the pebbles across their

upturned and worn-down edges. Here and there a big
stone lies, resting on two adjacent ribs, and ready to be

moved, in days of serious storm, as a formidable assailant

of the rocks. As the tide comes in across this shelving sur-

face, we see how the waves lose their force
;
but they still

have strength to burst upon the great rock-wall, when the

water rises to its fulness. If, as we saw among the stacks

and islets, the bulwarks of the shore are being cut away, the

sea will be able to stretch farther and farther inland, instead

of merely spreading over the debris to a line along which it

is at last powerless to act.

In fact, a gently sloping surface is being formed by the

action of this great horizontal saw an old familiar com-

parison which cannot easily be bettered. And the dragging
of the loose blocks and sand over this surface is continually

wearing it down upon the seaward side, and enabling the

inner edge to encroach slowly upon the land.

Such a surface was called by Sir Andrew Ramsay a

plain of marine denudation
;
the title is a long one, but

is far more expressive than the attempts made in some
sciences to cover up each conception in a single word of
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Greek. When we view from some distance the sea rolling

in across such a plain, especially when the great green waves

are driven by a stiff gale upon the coast, we may indeed

wonder how any bars of rock survive at all above the surface

(Plate IV.).
We look round at the curve of the bay itself, and we

see that the water is now high upon the beach of sand.

Over against the village it is beating on the little promon-
tory, and filling the harbour, foaming against the piers. At

spring-tides, and in stormy weather, we know how the waves
extend right up to the low cliff that runs all round the bay ;

and we can realise now that this curving indentation, a mile

across, is also a product of sea- action. The bay itself is only
an extended form of the hollows cut in the face of the sea-

stacks.

The general tendency of the sea's attack is to excavate

wide sweeping inlets. It cannot go on indefinitely surging

up a narrow channel
;
the mouth becomes cut away on each

side and widened, and the broad flow of the waters forms a

semicircular bay.
Some of the most interesting examples of this action

are to be seen in the "
coves

"
of Dorset. A bed of hard

limestone forms in places, such as Lulworth, the bulwark of

the land
;
and behind it are other limestones, sands, and

clays, and then the soft massive limestone known as chalk.

The battering of the sea makes holes and channels through
the barrier

; and then the water, meeting with weaker

materials, carves out bays behind it. It will be long before

the more resisting barrier of Portland stone is worn away,
so as to leave these "coves" properly open to the sea.

When this happens, several smaller ones will probably unite

quickly, and will form one broad sweeping bay.
The loss of land before the sea is often so rapid as dis-

tinctly to affect the towns and farms along the coast. The

military road and the footpaths along the south cliffs of the

Isle of Wight are always liable to disturbance, and the

difficulties are much increased by the rapid cutting back due
to fresh-water streams as they fall over the soft sandstone

wall. At Cromer, in Norfolk, where the loose pebbly cliffs

lend themselves so well to the formation of model deltas,

the sea rapidly undercuts the material and causes the coast-

line to recede some six feet annually. Churches of known
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date have often served as a means of measuring the amount
of marine denudation in the course of several centuries;
and many on our eastern English coasts have gone over

altogether into the sea. 1

Mr. Henry G. Spearing
2 has observed that on the exposed

face of Bideford Bay, where Westward Ho stands, the sea

has recently removed the land at the rate of about thirty feet

a year. The coast in this case is of course formed of soft

materials, and a new cliff twelve feet high has been cut at

one point in the clays.
Similar " invasions

"
of the sea, so rapid as to seem like

floods to the bewildered and unobservant inhabitants, have
cut away the sandy south-east coast of Kent between the

Eoman period and our own, depriving us of a strip of land

nearly four miles wide. The story of the loss of Earl Godwin's
estates is probably a true one, and the Goodwin Sands to

this day are dangerous banks upon the site of the eleventh

century shore-line. The slips at Sandgate
8 in 1893, and

those common on the Antrim coast, show how the action of

springs among permeable strata conspire with the sea to

bring about the destruction of the land. (See p. 72.)
It is a somewhat melancholy reflection that the scour of

the waters in the English Channel is widening the Straits of

Dover on both the French and English sides, and this at the

rate of about a yard per annum. Belfast Lough is also

growing, as is shown by the approach of the three-fathom

line, marked on successive charts, to the coast-towns upon
either side. 4 But the artificial protections set up along the

sea-face of most of our coast-towns do much to preserve the

cliffs behind.

The huge black cliff under which we are still standing
towers vertically for some 700 feet

;
and a number of causes

work together to maintain this magnificent sea-front. The
rock is massive, and has strongly developed vertical joints ;

frost, in our climate, occasionally splits off the upper blocks,
as it does among the cirques of the mountains

;
and the sea

is sufficiently powerful to break up and remove the fallen

1 See H. B. Woodward,
"
Geology of England and Wales," 2nd edition,

p. 594, &c.
2

Quart. Journ. Geol. Soc., vol. xl (1884), p. 474.
3 See Nature, vol. xlvii (1893), pp. 449 and 467.
4 Miss M. K. Andrews, Irish Naturalist, 1893, p. 47.

G
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masses, so that they afford no real protection to the base.

The waves are always undermining the huge wall, and bring-

ing down vast slides of rock along the joint-planes ;
the

talus-blocks are gradually broken up, and become worn down
into mere pebbles, which serve to scour out and deepen the

sea-caves. On looking up the face of the cliff, it is not

difficult to see whence the recent falls have come, by the

fresher nature of the scars that they have produced. And a

still more striking spectacle awaits us if we ascend to the

summit by way of the gentle grass-slopes in the rear.

The beach is now nearly covered with the water, and we
can leave it until a more favourable occasion. When we reach

the higher ground, we can see, as in a map, the distant

headlands jutting out, north and south of us, with curving

bays between them. All along the coast we have evidence

of the aggressive nature of the sea
;
and the forms of these

promontories and indentations, which at first seemed de-

signed for our affliction during our early studies in the

school-atlas, now begin to have a new meaning ;
we find

that every sea-cove has an interesting lesson of its own.

Here, among the tufts of grass and heather, we must
walk carefully towards the edge of the great cliff. As we
do so, we cross several deep gullies, running roughly parallel
with the sea-face. A little observation shows us that we
are here present at the birth of mighty landslips ;

and the

ground is already prepared to give way beneath our feet.

The enormous rock-mass is fissured by its joints, and the

removal of material from its front and base causes flakes, as

it were, consisting of thousands of tons of material, to slip

outwards and ultimately to fall. Thus the cliff-face may
recede suddenly at certain points by several feet in a few
seconds

;
the nobler the scale upon which it is developed,

the more liable it is, like a lofty mountain, to catastrophes
and sudden denudation.

Thus it is by no means only the softer strata that suffer

rapidly from the battery of the sea. The sandstone isle of

Heligoland
1 is thus a mere fraction of its former size, as

recorded in historical documents, perhaps only a quarter

being now left
;
and a neighbouring island, the cliffs of

which were nearly 200 feet high in the seventeenth century,

1
Reclus,

' ; La Terre," 3me edit., tome ii, p. 192.
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nas practically disappeared, leaving only long ridges of blown

sand. Now that accurate maps have been constructed,

showing the coast-lines of most countries, it is surpris-

ing to note what changes occur in a hundred or even fifty

years.
Our great headland may have formerly been part of a

hill situated far inland
;
the present grass-slope falls towards

the land, showing that more than half the mass has been cut

away. The highest point is, in fact, upon the very summit
of the cliff. Farther down the coast we can see a hill, the

base of which is just being attacked
;
a low cliff has been

carved out of it, and the ground rises from the edge of this

to the summit of the hill, a mile or so inward from the sea.

Again, on leaving Newhaven, in Sussex, by the steamer for

Dieppe, a number of grassy combes are seen breaking the

line of the chalk cliffs, and terminating half-way up them
above the sea. These represent old valleys which once ran
down to near the sea-level

;
but the white cliff has been

formed across them, leaving only their higher regions facing
us

;
and in time these evidences of the old form of the land-

surface will no doubt entirely disappear.
So some cliffs grow higher as the sea causes the coast-

line to recede
; others, like our great one, will become less

and less important. As the sea advances, it will meet with
various irregularities that have been already carved out by
rain and rivers on the land-surface

;
and the form of the

coast may thus change quite abruptly, while the flow of the

tides and of the permanent currents may be interfered with
in a striking manner, through the sea having to accommodate
itself to indentations for which it is not at all responsible.

So far we have regarded only the denuding action of the

sea. Enormous quantities of material are annually removed
from the coast in certain regions ;

and M. Marchal has given
us the figure of 10,000,000 cubic metres 1 as the amount taken
each year by the English Channel in the neighbourhood of

Kent and Normandy. That is equivalent to a bank of rock
a mile long, 300 feet in width, and about 223 feet in height.

Now, all this material must go somewhere
;
for only a small

portion disappears in solution in the sea. The same agent
that destroys so persistently in one place may, like a river,

1
Reclus, "La Terre," 3me dit., tome ii, p. 175.
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transport the ddbris to another area, and there peaceably
construct new land.

As a matter of fact, many of the pebbles formed by fric-

tion from blocks that have fallen into the sea, and part of the

finer sand thus produced, are continually travelling along the

coast. Much of the material no doubt runs down the steeper
seaward face that bounds the plain of marine denudation

;

here it finally escapes from the action of the waves, and is

only slightly affected by the permanent currents of the sea.

It thus forms a broad submarine talus, a shoal which covers

up the old surface of erosion, and which stretches some way
towards the true oceanic floor. At its upper edge the material

is worked on by the breakers as it slides outwards from the

coast, and the finest substances, the tiny particles of clay,

become sifted out from the sand-grains and are washed away
to far greater distances. The sand is, moreover, in part

separated from the pebbles and from the small unrolled rock-

fragments, and is removed to an intermediate distance. Thus
the debris of the cliffs undergoes a steady selective process,
like the materials at a river-mouth. We have pebble-banks
formed typically near the shore

;
then sand-banks farther out

to sea
;
and deposits of fine mud beyond these, the last named

occurring even at depths of between 1000 and 2000 fathoms.

The mud will consolidate as stiff clay, or, if it preserves a

stratification and splits into fine layers, it will form the rock

known as shale.

Local formations on the coast will interfere with the re-

gularity of such deposits. Thus, near the mouth of a muddy
river, clay-banks will accumulate close to the shore itself

;

there is too great a supply for the sea to carry off. Enor-

mous sand-banks, again, devoid of coarser fragments, may be

formed close under soft sandstone cliffs
;
for this rock breaks

up so readily that no true pebble-beach can arise. As usual,

each locality will give us some special features of its own, and
will provide interesting modifications of the general plan of

shore-deposits.
A mingling of one deposit with another on the same

horizon must always occur, due to the imperfect sifting.
Thus pebble-beaches graduate into pebbly sands, and sands

into sandy clays, known as Loams.

Clays, again, often contain a large proportion of calcium

carbonate, due to the shells included in them. When the
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proportion amounts to one-third of tna tOtM weight or mbro,
the clay becomes almost a clayey limestone, and may be called

a Marl. 1

We can, fortunately, study these formations in many places
between high and low water-marks. There are regions where
the sea confines itself to laying down new material

;
where

the scour of the currents only serves to bring substances in

suspension from other places which are being denuded
;
and

here, then, the land grows by a process opposite to that of

the formation of a delta. The additions to the coast are, in

fact, the deltas of oceanic streams
;
the carrying power of

these currents is reduced when they strike upon projecting
land.

For such deposition a quiet area is indispensable ;
a ridge

exposed to storms will be despoiled of any material that may
have been laid down upon it in quieter times, just as a valley

may be kept clear by recurrent flood-periods in its torrent.

The shifting form of estuarine banks, and of other products
of denudation along a coast, may easily cause a bay to receive

deposits during one series of years, and may then allow it to

be swept clear again during another series.

In the hollow of our own little bay, beginning in the

shelter of the great rock-headland, and running round
towards the harbour, we find an area in which marine denu-
dation is at present at an end. The cliff once cut out is

becoming covered with soil-slips, and is in places grass-

grown ;
and its form is already so much altered that a wind-

ing cart-track has been made across the face of it, by which

rough vehicles are led down for the gathering of seaweed on
the shore. At its foot are banks of pebbles, untouched by
the water except during those storms that happen to coincide

with the highest tides of the month. Beyond them stretches

a gently sloping and pebbly beach, the stones becoming
gradually fewer and fewer as we go seaward, until we come
to the zone selected by the bathers, where all is fine and

shelly sand. We must come down as the tide is going out,
and view this second, this accumulative aspect of the sea.

The highest ridges of the beach, forming terraces under
the old cliff, result from the transporting power of the waves

1 This is the true sense of the word "
Marl," as adopted from agriculturists,

though the term is often much misused. See J. Macculloch,
" A Geological

Classification of Rocks "
(1821), p. 630.
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during exceptional' storms. The dash of the water under
these circumstances carries out any sand again, but leaves

the pebbles hurled up one upon the other. They lie there

with their flatter surfaces fairly horizontal
; but, apart from

this, there is little appearance of stratification. In one place
a slip of peaty soil from the top of the old cliff has spread out

and formed a layer, containing rootlets and a few potato-

stalks, on the surface of the pebbly terrace
;
and fresh

pebbles have already been flung on to the top of it, so

that it is likely to form a distinct stratum in the beach.

When finally consolidated, we should call the pebble-beds

conglomerates; and the black earthy layer in between
them would be said to be lignitic, or full of woody vegetable
remains. Any stems of trees or pieces of broken fencing
that have been brought down with it would become con-

verted into a deep brown or black substance known as

lignite. The gaseous products of their decomposition pass

slowly off, the combinations of oxygen, hydrogen, and nitro-

gen being more freely formed than those of the carbon
;

hence the latter constituent rises in proportion in the

residue, and forms more than 60 per cent, of lignite.

Flaky shells, easily lifted by the waves, are found here

cast up with the pebbles and entombed among them. Oyster-
shells thus often predominate ;

but we must be careful to

avoid places where the fishing-people have thrown out their

rubbish-heaps, for quantities of mollnscan shells are sure to

occur in these, and may have been brought artificially from
some distance. But an examination of the pebbles them-
selves will give us a good idea of the work of the sea as a

common carrier.

A layer of corks may occur on the surface of the beach
;

these accumulate in the areas of deposition from the daily

passenger- steamers that go up and down the Channel.

Cinders from the furnaces are also frequent ;
and these two

sets of objects remind us how anything which floats without

easily becoming waterlogged may be carried indefinitely
about the world upon the surface-currents of the ocean.

Seeds of strange plants have thus been conveyed from one

country to another, and have occasionally found suitable

soil, and have added permanently to the vegetation of their

new home. Man himself has often been similarly distributed,
much against his will, being carried in canoes before the
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great continuous winds, and landed, perhaps, on an unknown
shore to form the first population of a continent. These

ugly little banks of corks are thus not to be despised ;
ob-

servations of such trivial objects may help us to determine

the direction of the great ocean-streams.

But the pebbles are more distinctly interesting. Elderly
ladies and gentlemen, who come down here as summer-
visitors, spend hours in collecting them, on account of their

very variety and beauty. A great number of them come
from the waste of the sea-stacks and the grim dark headland

yonder ; they are already admirably worn and rounded, and
we see how the daily friction smooths and grinds down even
the hardest rocks. But here is a bright red pebble, a jasper,
unlike anything in the solid walls of our own bay ;

and all

around are others made of hard altered sandstone, called
"
quartzite," the nearest mass of which lies some twenty

miles away to the south. Here, again, is a green and black

pebble which we cannot easily identify; but our mineralogical
friends may make a microscopic section of it, and may tell

us that it is from a unique mass occurring on the coast of

Norway. Such a specimen has probably been brought here

on a block of floating ice, in days when these seas were
colder or when currents ran in other directions than at

present. Trees that have fallen into the sea may also bring
foreign stones entangled in their roots

;
and many seaweeds

cling to stones on the sea-bottom, and, when torn up by
storms, carry these specimens about with them to long
distances.

It is not a matter that must be dealt with lightly, this

tracing of the place of origin of pebbles gathered on a
beach

;
and we must remember that they may have come

from some outlying and even adjacent point which has been
worn entirely away. The nuggets of gold in the rivers of

South America, and, it is said, the famous diamonds of

Golconda, serve to illustrate this point. They occurred

freely in the alluvial deposits of the rivers
;
but a search for

them in the rocks up the valleys has proved disappointing,
their original matrix having been denuded off the face of

the earth.

But, in the case of the pebbles of quartzite on our beach,
the evidence is pretty clear, and a walk south along the

coast confirms our first supposition. The pebbles are re-
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placed by huge boulders as we reach the actual promontory
of quartzite, and the sea is evidently still maintaining the

supply. All along the intervening coast, in every sheltered

inlet, pebbles from this same source can be found; and

clearly they are still being swept round our great headland
into the quieter waters of the bay.

Some of the pebbles on our beach are thrown up from
the estuarine deposits, and were already rounded by the

stream before they came into the sea. Just as when torrents

empty themselves into lakes, so beds of marine conglomerate
often arise, in which the only part played by the wider
waters is the smoothing out and spreading of material which
has been already rounded.

In conglomerates very few shells are found, because, in

the first place, the molluscs cannot live amid the pounding
action of the pebbles ;

and because, in the second place,

any dead shells that are washed in become speedily reduced
to powder. But farther down the beach, where the finer

sand stretches, abundant shells may be discovered, together
with dead crabs and other shore-animals, which become
buried as the mass accumulates. The smoothing and strati-

fying action of the sea is apparent in the even surface of

these sands
; every tide, the wash forward and backward of

every wave that breaks, tends towards a spreading and a

distribution of the material, and uniform strata are thus

deposited over wide areas of the coast. Between the tides,

we may note how the water has here and there raised the

sand into ribs and delicate ridges, ripple-marks as they are

called, the particles of sand being pushed forward in one
direction like a wave, and then dropped where the water
could no longer sustain them. The sea-salt may dry on the

surface of these when they become exposed, and will tend

to make the structure firmer. The sun also, drying the

material, causes cracks to open in the sand or mud of the

beach
;
while the ebbing tide, running out round little

stones, forms grooves and tiny channels in the deposit.

Man, moreover, and other animals leave footprints and
tracks as they pass over the

yielding
surface.

Current-bedding, like that of river-gravels, must clearly
occur in places, especially where changes in the deposits at

any point alter the direction of the currents
;
but marine

deposits as a whole are more regular than those produced by
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any action on the land, especially where the material is

spread out at some distance from the coast. A change in

the direction of the transporting currents, in the material

supplied by local rivers, or the fact that the sea has begun
to attack some rock hitherto beyond its reach any of these

occurrences may cause the deposition of a new stratum of

different mineral character to that preceding it.

Sea-sand is so familiar, ever since, as children, we dug in

it with wooden spades, that the variety of its constituents is

hardly suspected by us. But it is well worth while to fill a

box with the material and to bring it home for examination.

The best instrument to aid in this examination is a sieve.

If special ones are not to hand, sieves may be made by knock-

ing the ;bottoms out of wooden boxes about 6 inches square,
and fastening muslin of various degrees of fineness on to the

sides instead. But it is very useful to have a set of 6-inch

circular chemical sieves, costing altogether about 8s. 6d.

Three sieves of brass-wire, with meshes containing respec-

tively 30, 60, and 90 holes to the linear inch, are fixed in tin

cases, and are so made that they will fit into one another,

leaving spaces some 2\ inches deep between. The coarsest

sieve lies at the top, and a cover fits upon it
;
beneath the

finest, again, a tin dish fits exactly, to catch whatever particles

get through the 9O-hole mesh. The whole set now forms a

cylindrical box, crossed at regular intervals by the three wire

nets. If it is necessary to sift even the fine dust that has

escaped into the lowest dish, an extra sieve can be made of

very fine silk, and the finest particles of all can be washed

through this under a water-tap.
Let us take a handful of our sand and leave it over-night

in a basin of water, to cleanse it from the sea-salt that has
been deposited upon it. We must now dry it thoroughly
an oven will do for this until the particles no longer stick

to one another. Then we pour it upon the uppermost sieve,

put on the cover, and shake the whole set of sieves from side

to side, with the addition of a circular motion.
In two minutes or so a complete sifting will have taken

place, according to the coarseness of the materials. Let us

separate the sieves from one another, and pour out their

contents into little card-trays, putting a number in the
bottom of each to distinguish them from one another. The

top sieve contains all the constituents that are more than
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one-thirtieth of an inch in diameter. Here are little stones,

which are the smaller pebbles of the beach, and flakes of

broken seaweed, and fair-sized fragments of shells, and a few

perfect shells, the small size of which has enabled them to

escape destruction. One or two delicate glassy-looking rods

are the spines of sea-urchins, and are seen, when examined
under a low power of any common microscope, to be orna-

mented all over with ribs and little projections. Probably
the second sieve contains a larger quantity of material, and
here we find much the same constituents as in No. i

, only

they are of smaller size. The most interesting objects are

the minute coiled glassy-looking shells, almost all perfect,
which can be well seen under a microscope magnifying about

25 diameters. They are perforated by minute holes, and
consist of numerous chambers, like the well-known shell of

the pearly Nautilus. These are the shells of Foraminifera,
some of the humblest animals on the globe, the jelly-like
bodies of which are capable of forming these complex struc-

tures out of calcium carbonate, the materials being derived

from those in solution in sea-water. Other dull white and

practically opaque foraminifera are likely to be seen, and can

be identified and named by comparison with the figures in

special works upon the subject.
1

The minerals derived from the friction of the various

pebbles are found fairly separated from one another in this

sifting ;
that is to say, few entire pebbles have come through,

the particles allowed to pass being so small that each consists

typically of one mineral alone. In sifting No. 3, where the

grains are between one-sixtieth and one-ninetieth of an inch

in diameter, most marine sands will yield a material con-

sisting of very well-divided mineral particles.

Scarcely any shell-fragments now remain, and quartz is

clearly the predominant substance. Its hard grains, with

vitreous lustre and irregularly curved surfaces of fracture,

gleam like little lumps of glass under the microscope. Black

minerals are probably also present, and some can be lifted

out with a magnet, showing the presence of magnetite. The
others may be hornblende, augite, tourmaline, &c. Tiny
flakes of mica may also be seen, some silvery, some a rich

bronze-black. If we wish to extract any particular grain
from the heap as seen under the lens, the point of a fine

1 See II. B. Brady,
"
Report on the Foraminifera," Challenger Reports, 1884.
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colour-brush or of a sharpened rod of wood, just moistened,
will serve to secure it, and it can then be lifted out and

dropped off into water upon a slip of glass or in a watch-

glass for chemical or other treatment (see p. 23).
The dust in the bottom pan will probably be too fine for

convenient study ;
but the vast bulk of it can be seen to con-

sist of quartz. As sieve No. 3 and this pan contain almost all

the sand put into the uppermost sieve, it is clear that, when
the shells are deducted, the chief constituent of our sea-sand

is simply quartz. The grains, being so small, are very little

rounded, and their practically indestructible character makes
them survive most of the other minerals that may have

originally been mingled with them. Doubtless any clay

particles have been sifted out long ago by the action of the

waves, such bodies being sometimes so minute that 1 7,000 of

them might be arranged along a single inch. A sand left to

itself in the shallower portions of the sea, without the addition

of new shells or of matter from the land, would tend to become
more and more purely a bank of colourless quartz-grains.

Sometimes a foraminiferal shell is found which is filled

with a soft green earthy substance, easily crushed between
two glass plates or under the blade of a knife. This is

Glaucpnite,
a hydrous silicate of aluminium, iron (in the

condition of peroxide), potassium, magnesium, and calcium. 1

Its precise mode of origin is obscure
;
but Messrs. Murray

and Eenard, in the report quoted, believe that it arises

partly by chemical changes, which go on between the dead

organic matter within the shell and the fine mud that has
oozed into the chambers, and partly by absorption of sub-

stances, such as potash, from the sea-water. The glauconite
in any case grows until it completely fills the shell and
even bursts it

;

2
and, if the shell breaks away or becomes

dissolved, the material is set free as a green grain which is

a cast of the interior of the foraminifer.

We shall find these grains thrown up only sparingly on
our coasts

;
but they are formed abundantly at a little

distance from the shore, and mostly at a depth of about
100 fathoms. In many old sandstones and limestones they
form a great part of the rock, giving us G-reensands and
Glauconitic limestones, and showing that the same complex

1 For recent analyses, see "Report on the Deep-Sea Deposits," Challenjer
Reports, 1891, p. 387.

2
Jbid., Plate xxv.
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chemical processes went on, as now, when those materials

were being deposited.
It is obvious that in our walk along the shore we are

only on the threshold of all the wonders of the deep. The

deposits of soft separated mud, for instance, will be found
in their purity farther out; they form the bottom of the

deeper portions of all land-locked seas, but rarely extend in

the great oceans to 500 miles from the coast. The materials

carried in suspension by the sea as products of denuda-
tion of the land are, indeed, mostly deposited as a fringe
some 150 to 200 miles wide round the continents, forming
thick banks along the coast itself, and becoming thinner

and thinner down the slope to seaward. Only bodies that

can float, such as volcanic ash and lumps of pumice, which
are full of cavities, find their way far enough from shore to

sail over the real oceanic depths. Here they may become

decomposed and waterlogged, and may thus sink, to be

deposited in the uttermost parts of the sea. As a rule,
the only deposits found by dredging operations after 2500
fathoms (15,000 feet) are due to animal and vegetable life

or to this decomposed volcanic material. Thus the sea-

bottom at one of the greatest depths ever accurately
sounded was found to be covered with the skeletons of

organisms that take silica from the sea Radiolarians,
certain Sponges, and the humble plants called Diatoms.
The depth was 4475 fathoms (26,850 feet), and the sound-

ing was made east of the Philippine Islands, and about

one-third of the distance between New Guinea and Japan.
1

The mineral particles in this deposit were derived entirely
from volcanic rocks, or from meteorites coming from outside

our own planet.
We must not venture away to sea into these fascinating

regions ;
but we may enquire where it is that the shell-fish,

whose remains we see cast up so often, find their most

agreeable dwelling-place. They may live close in to the

coast, if no rivers are discharging debris upon them. They
choose the purest waters, consistently with the presence of

a constant food-supply; and all the familiar genera live

at depths less than fifty fathoms. Where conditions are

favourable, their shells accumulate, as the animals die, in

vast banks, sometimes formed principally of one particular
1 "

Report on Deep-Sea Deposits," Challenger Reports, p. 204.
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species. The constitution of the shells is calcium carbonate,

either in the form of calcite or aragonite ;
and hence beds

of Limestone are being formed to-day by the accumulation

of shells beneath the level of the sea.

Calcium carbonate being soluble in water containing
carbon dioxide, it is not surprising that the sea itself, with

its included gases, attacks great heaps of dead shells, and
removes their surface-layers, or even dissolves them alto-

gether. The carbon dioxide is in great part derived from
the decay of animal matter in the sea, and its solvent power
is increased at great depths by the pressure of the over-

lying layers of water. Meanwhile, the currents are always

washing the shell-bank out at its edges, and rubbing the

remains together, producing a fine limestone-mud. The

water, charged freshly with calcium carbonate in solution,

wanders through the mass, and helps to cement many of

the fragments together, a re-deposition of the dissolved

material taking place. Calcium carbonate is also deposited
when fresh water strongly charged with it comes in contact

with saline waters. 1 The chemical reactions that take place
are not yet clearly known ;

but it is certain that stones and
shells may become cemented in our harbours by dense deposits
of chemically formed limestone.

The limestone-mud and the tiny foraminiferal shells also

get washed inside the larger shells and completely fill them
;

and thus the foundations of a solid bed of limestone are

laid down. This bed, like the sand-banks and mud-banks,
will be thinner at its edges, ultimately dying out all round,
and will be thicker in the centre, below the point where the

living molluscs are most thriving. Stratified beds of lime-

stone, the shell-banks of bygone ages, are found to have this

structure when examined in quarry-sections, their form being
that of a greatly flattened plano-convex or double-convex lens,

several such banks lying on or dovetailing into one another.

Sometimes a flow of mud or sand will be brought across

the shell-bank, and will check its further growth ;
the bank

may be temporarily killed. Then it again begins to grow,
the materials now piled on the original bed helping to

flatten it down and to give it regularity as a limestone

1 See J. Murray and E. Irvine,
" Coral-Reefs and other Carbonate of

Lime Formations in Modern Seas," Nature, vol. xlii (1890), p. 165; and

Jukes-Browne,
" Handbook of Physical Geology," 2nd edit., p. 274.
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stratum. Thus alternations of limestone with other rocks

may occur at some points, and continuous beds of limestone,

stratified by sea-action, at others.

In some climates coral-animals 1
form, by their closely

grown or branching skeletons, limestone coral-reefs of great
extent. Certain seaweeds that strengthen themselves with

calcium carbonate also contribute largely to these massive

structures. Lumps of dead coral, broken off by the surf, are

washed down the slopes and spread the reef steadily seaward
;

and on its edge all manner of molluscan shells become mingled
with wave-rolled fragments of coral and of calcareous sea-

weeds. The reef becomes thus a stratified limestone on its

outer margin ;
and even within it the swaying action of the

surf lays out limestone-mud between the branching skeletons

of the coral, and thus produces a kind of stratification.2

Cementing of the whole mass soon goes on, and the calcium

carbonate dissolved off one part of the reef becomes deposited
as a means of consolidating the loose blocks at another. Here,

then, we have an example, from warmer climes, of how lime-

stone may accumulate with considerable rapidity near a shore.

A pleasing instance of the re-deposition of calcium car-

bonate from solution in sea-water is seen in the formation of

oolitic grains upon the flanks of coral-reefs in the West
Indies. Little rolling bodies, such as grains of sand or

shell-fragments, become surrounded by successive coats of

aragonite ;
and spheroidal grains result, perhaps a millimetre

or two in diameter, which accumulate to form "
oolitic lime-

stones" or "oolites," becoming subsequently cemented to-

gether by calcite into a firm mass. It has been stated that

in some cases, at any rate, minute algas aid in the formation

of oolitic grains, as they do in that of limestones deposited
from hot springs.

The humble foraminifera also form beds of limestone,
which spread evenly, and free from foreign matter, over great
areas of the ocean. The remains of those species that live

near the shore become, as we have seen, mingled with the

ordinary sea-sand, and their abundance is therefore liable to

be masked. But some of the most important foraminifera

1 The term "
coral-insect

"
should never be used, the animal being a polype

of far lower organisation than an insect.
2 Von Richthofen, "Ueber Meiidola - Dolomit und Schlern-Doloiiut,"

Zeitsckrift d. deutsch. gcol. Gcscll., Bd. xxvi (1874 ), p. 225.
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swim upon the surface of the water, and consequently flourish

above any ocean-depth ;
hence limestones may be formed of

their remains alone, out beyond the zone of materials brought
in suspension from the land. The famous genus Globigerina,

thus furnishes a white deposit or "
ooze

"
over the ocean-floor

at depths of about 2000 fathoms, such deposits being mingled
with sand-grains and clay-particles as we approach 500
fathoms. At depths of about 3000 fathoms and more, only
red clays, derived from waterlogged pumice and from the

ash of submarine eruptions, together with remains of those

organisms that make their skeletons of silica, are found over

the ocean-floor. The molluscs known as pteropods, and

great numbers of the foraminifera, swim freely above these

abysmal depths ;
but the sea-water dissolves away the dead

shells during their long descent, and the number of fathoms

from which a sample of a marine deposit has been procured
will give a fair idea of the proportion of calcium carbonate

that it has retained.

Shells, then, and the skeletons of marine organisms, may
accumulate to form limestone rocks, while here and there

beds of siliceous remains give us deposits of a flinty character.

The most extensive examples of the latter are the Diatom-

oozes, formed by the humble plants already referred to, which
lie in a zone round the land-deposits of the Antarctic conti-

nent. 1 But the rate at which organic agents form rock

masses is slow indeed when compared with the rapidity with

which inorganic agents, such as currents, may bring together
materials in suspension. New land may be built up visibly

by the sea, just as surely as old land may at other points be

destroyed. Usually the growth of land is connected with the

action of rivers also, and is most noticeable in the neighbour-
hood of some important delta

;
but the deposits are sifted and

arranged in their new positions by the sea, and marine shells

become embedded in them. As an instance of this, M. Reclus 2

calls attention to the remarkable increase of Cape Ferret, in

the Department of the Grironde, under the joint action of wind
and river and sea-tides. From 1768 to 1826 the headland

grew 5 kilometres (three miles or so) towards the south, the

1 See the interesting Chart i,
"
Deep-Sea Deposits," Challenger Reports.

It must be remembered that the area occupied by the Diatom-ooze is greatly

exaggerated, owing to the map being on Mercator's projection.
2 " La Terre," 3me e'dit., tome ii, p. 215.
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rate being 20 to 25 centimetres a day. Since then, however,
it has been in part destroyed by the sea and reconstructed.

One of the best examples of new land formed on the

British coasts is the broad promontory of Dunge Ness in the
east of Kent and Sussex. It is curious to ascend the ridge
that stretches between Aldington and Hythe, and to look

down into the level land of corn below, and to realise that

we are standing on a sea-cliff of comparatively recent times.

Dunge Ness itself is formed of marine pebbles of flint carried

from the west
;
the shingle is still so loose that no roads can

be maintained across it, and the inhabitants of the surround-

ing villages traverse it on peculiar flat wooden shoes. 1

The point of the Ness has grown for two hundred years
at the rate of 36 feet (i I metres) a year, or 3 cm. a day. The
sea seems anciently to have extended up to Newenden, some

eight miles from the present coast, and the river-deltas en-

croached later on the old marine deposits. To take another

case, Pevensey, in historic times, has been banked out from
the sea by three-quarters of a mile of added land.2 Mr.

Drew, in the memoir quoted, shows how any obstruction

that may be run out into the sea will cause an accumulation
of the pebbles, which travel up the bay past Dymchurch from
the south and west. The grand line of pebbles that forms
the Chesil Bank, connecting Portland and the mainland,

may thus have arisen by the occurrence of an obstacle in the

form of a clay-bank, which rises there to about the level of

low water.3 At present there is room for a road and a rail-

way along this singular accumulation.

Now let us walk north from our fishing-village, over the

low headland on that side, and down upon the flatter coast

which catches every wind that blows. Wastes of sand, in

which bent-grass grows at intervals, seem here piled upon the

pebbly beach. These are the sand-dunes, which form such

important barriers to many exposed portions of the coast.

When we get among them, we walk with difficulty across

the tumbled hollows
;
and any eddy of the wind drives the

1 F. Drew, "Geology of Country between Folkestone and Rye," Memoirs
Oeol. Surv. Ot. Britain, 1864, p. 18. 'On Romney Marsh,' see G. Dowker,
Proc. Qeol. Assoc., vol. xv. (1899), p. 211.

2 Wm. Topley,
"
Geology of the Weald," p. 313.

8 T. Codrington, Oeol. Mag., 1870, p. 23. Mr. Cornish has discussed the

effects of meeting currents in promoting deposition in this and other cases

(Nature, vol. Iviii. p. 42).
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sand sharply in our faces. The curious long curves and semi-

circular excavations in these dunes remind us of pictures of

the African deserts. These heaps, forming actual hills in

some parts, are being reshaped and quarried into by the

swirls of the sea-wind. As a matter of fact, the wind has

piled them up in the first instance. They are formed of the

lighter material, the sand, which could be caught upand carried

from the beach by the air-currents
;
and to this day they are

shifting and uncertain. Any little bank or line of obstacles

causes a return gust as the wind strikes it, and a deposition
of the sand takes place, parallel to and at a little distance

from the front of the obstacle. The ridge so formed is added
to almost daily on the seaward side, and parts of it are carried

away, but more slowly, on the landward face. It becomes

damp and compacted with the rain, and then quickly dry
again, giving vegetation but little chance upon it

;
and the

bent-grass that somehow manages to exist only helps further

sand to accumulate. We seldom see the base of the sharp
green lances, as they struggle bravely against the drifts

deposited between them.
Sand-dunes have an unpleasant habit of encroaching

upon the land, especially in regions of permanent winds
from seaward. The unhappy cultivators of the fields in vain
build walls and fences to check the advance. The wind,

breaking on the wall, forms eddies, indeed, which drive back
the slowly moving sand-waves

;
but the crest of the dune is

continually being carried over the wall, and a copious sloping

deposit is produced upon the farther side.

Very often long promontories and hooks of wind-borne
sand grow out across sea-inlets, as occurs at Portrane in

County Dublin. The foundation is an ordinary sand-bar,
where the meeting of waves and rivers causes a deposition of

the material carried by both. The wind lays hold of this sand
as it dries between the tides, and piles it up into irregular

heaps. These in time grow larger, as additional sand is

brought daily to the mass, and a hummocky unstable ridge
results, perhaps forty or fifty feet above the sea, in the place
of the wide flat sand-bank.

Land-snails abound in most of these sand-dunes
;
we can

hardly walk without crushing them. Here and there, where
a farmer has required sand for his buildings, a cutting has
been made into the dune

;
and we find that some of the

a
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lower layers are cemented into a friable kind of sandstone.

The tiny shell-fragments from the beach, together with the

broken snail-shells, have supplied the rain with calcium

carbonate, and this has been deposited between the grains

during the times of drying. Thus true sandstone may be

constructed above water by atmospheric action only.
It is a strange landscape, as we sit among these sand-

hills, with their yellow slopes gleaming all along the northern

bay, and the blue water stretching from them almost with-

out a wave into the Channel. On the low land behind them
the fields are all scattered over with the sand

; stronger air-

currents might convert the whole region into a desert, only
suitable to the rabbits which run in and out here beneath

our feet. Away at one angle of the bay a low pebbly cliff

catches our eye, higher than the beach-terraces that are

piled up during exceptional storms. It is clearly something
different from the sand-dunes, which at that point have died

away ;
the sea evidently cuts into that corner at times, and

no light sand is allowed to accumulate. Our last studies on

this coast-line may conveniently be carried on out there.

We have now seen how the shore is a thing of no fixed

importance ; how, if you make a map on a large enough
scale, you may find your work out of date from year to year.
The sea seems to determine the shore-line, cutting away
here, and depositing there

;
and even our huge promontory,

with its rampart 700 feet in height, seems destined to go
down before it, and to be levelled to a pebbly waste. That
small cliff over yonder, with the round stones sticking out of

it, will, however, tell us that the solid land may in turn push
back the sea.

When we come up to it, it does not seem much to look

at
;

it is not very different from the storm-terraces of the

beach below. But its top rises far above the level of any
modern tides or tempest-driven rollers, and evidently forms
a firm continuous plateau for some distance inland. The sea,

as we saw, is cutting it away at this point, and making a low
cliff which extends north as far as we can see. This bed of

old pebbles evidently runs for some miles up the coast.

Our first idea is that it is an alluvial deposit, formed by
the numerous streams which run down from the distant hills.

But a layer of white crumbling matter attracts us these

are surely the broken edges of shells embedded among the
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gravels. (Compare Plate X.) We begin to dig in various

portions of the cliff
;
and soon we may disentomb a whole

cluster of periwinkles, with flakes of cockle-shells, and oysters,
and a scallop here and there, such as we may find below us

011 the existing beach.

These shells have, however, lost their colour, and usually
their outermost layers ; they are in part decomposed, and
are not exactly of a modern aspect. Yet we find the same

species as still inhabit the Channel, though some of them

may now occur farther north or farther south of our parti-
cular stretch of country. We may even turn up these shell-

fragments on the surface of the fields inland, where the level

area ends against the hills, and where we may be fifty feet

above high-water mark. Clearly we have here an old beach,
a marine deposit, which the sea no longer covers.

The sea, then, has shrunk away? That is possible, but

it is not the simplest explanation. The sea is certainly held

up against the edges of the land by the attraction of those

masses which stand above its surface, e.g., the great moun-

tain-ranges along the coast, and, indeed, any prominent
headland. Thus the mean sea-level is higher on any ordi-

nary shore than it would be if the land were perfectly level

with high-water mark. The sea, then, must shrink away,
and the mean sea-level will be lowered, if denudation re-

duces the level of these attracting masses; and we have
seen that this reduction is steadily going on along our coast.

But this will not be sufficient to account for what has

here occurred. If we follow out our old sea-terrace, we shall

find irregularities in its level
;
at one point its top is fifty

feet above the sea, but north and south of this it draws near
to the sea-level in a distance of seven or eight miles. More-

over, we may be fortunate enough to find that its seemingly
level surface is in places sloped down as it stretches inland

the terrace has received a gentle tilt in that direction. When
we have studied the older stratified rocks in detail, such
evidence will seem to us quite natural. We shall then be

quite ready to conclude that the land has been lifted, and

irregularly lifted, above the sea.

Such elevated marine accumulations are called raised
beaches

;
but we restrict this name to those in which the

shells are of modern character and are mostly living in

adjacent seas. When we find human remains or instruments
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lying among the shells in such a beach, we conclude that the

elevation took place after man had appeared upon the earth
;

and there is no reason to suppose that such movements of

the coast have come to an end at the present day. In Sicily
beds of very modern marine shells are found 2700 feet above

the sea
;

l and in California recent shore-terraces, with the

pebbles bored into by marine molluscs, occur at a height of

1240 feet.
2 Some of the occurrences of marine shells of living

species at high altitudes in our own islands have been the

subject of much controversy ; but, in the face of what we
know to have gone on in other countries, it is not in any way
improbable that the shores of the Irish Channel, for example,
have been elevated some 1500 feet in recent times. The
earth's crust heaves and moves beneath us in a series of slow

but enormous waves. Standing against our raised beach, we
can see how it defies, as it were, the destructive forces of the

sea. Here, at any rate, new land has been made by a power
which hitherto we had no thought of; and later, when we
stand among the twisted strata of the Central Alps, we shall

remember the evidence of modern elevation afforded by our

pebbly coast.3

It is reasonable, however, to consider the contrary action

the land may in some areas be on the wrong slope of an
earth-wave, arid may be thrust down beneath the ocean.

The western districts of the British Isles furnish us with

interesting evidence that such has actually been the case.

The maps of an ordinary atlas show how deeply indented the

west coasts of Ireland and Scotland have become
;
there is

a general absence of wide and sweeping bays, such as we
associate with sea-action, and in their place we have fjords,

long winding inlets, penetrating perhaps fifteen or twenty
miles into the land. In Norway this feature is developed
on a far more striking scale, as any one who has painfully
drawn the outline of the coast in his school-days knows full

1 See De Lapparent, "Traite" de Geologie," 3me e"dit., p. 1383.
2 A. 0. Lawson,

" Post-Pliocene Diastrophism of Southern California,"
Bull, Depart, of Geology, Univ. of California, vol. i, p. 127.

3 A fine example of modern earth-movement, this time in connexion with
an earthquake, was afforded in 1891 at Neo, in Japan. A line of fracture

occurred 112 kilometres (67^ miles) in length, horizontal and vertical move-
ment taking place along it. In places the ground on one side was raised

20 feet, and the movement affected the hard underlying rocks as well as the

alluvium of the surface (Milne, Burton, and Ogawa,
" The Great Earthquake

in Japan, 1891," plate xx ; and B. Koto in UcoL. Mag., 1894, p. 191).
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well. But the Scotch examples of Loch Fyne, Loch Long,
and the smaller but gloomier Loch Hourn, are admirable for

our present purpose.
The walls of a fjord come down steeply to the water, and

are continued similarly below. The narrow inlet, with its

great depth of water, resembles a flooded ravine among the

mountains. Often the mouth is shallower than some portion
farther inland, the great Hardanger Fjord of Norway being
about 190 fathoms deep at its entry and 440 fathoms in

certain spots within
;
and the depth inside is not related to the

depth of the outer sea. Loch Etive, one of the grandest of the

British fjords, has an outlet not 3 fathoms deep, set with rocky
islets

;
but soundings give 76 fathoms off Port an Dobhrain,

which is a good twelve miles up the inlet. Clearly hollows

such as these cannot result from the battery of the waves.

Sitting on the heathery brae-side above Loch Hourn, and

looking up to the rain-swept mountains of Glen Quoich, we
see the fjord winding like a sheet of silver between the great
masses of the hills. The wild flowers and ferns climb along
the banks and touch the water's edge ;

there is all the tran-

quillity of a lake, and only in the seaweeds do we catch some

suggestion of the sea. At the head of Loch Duich, again, in

the purple highland of Kintail, the alluvial floors of Glen
Shiel and Glen Lichd come down into the two arms of the

water, and the sea-inlet is seen to be perfectly continuous
with these valleys. In fact, fjords are nothing else than

valleys lowered beneath the sea
;
the rivers carved them out,

and the sea was let slowly into them. Sometimes the moraine
of an old glacier lay across the mouth and shallowed it

;
some-

times the bending of the earth was not regular, and the

valley-floor was actually lowered to a greater depth than
the sea-floor outside. On the flanks of many fjords, raised

beaches can be seen, showing that a sort of see-saw move-
ment has taken place, now of subsidence, now of elevation.

This beautiful feature of a mountainous coast is due, then,
to a sinking of the land into the sea

;
and earth-movements

have again been the chief factor in determining the coast-

line.

Outside the fjords there are generally numbers of islets,

running in lines away to sea. These are the crests of partly

submerged ridges, being in many cases merely the continua-
tion of the valley-wall on either hand. Lismore, lying in
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the mouth of Loch Linnhe, is a ridge that formerly divided

the greater valley from a smaller southern one
;
the sea has

entered both and has overflowed the col between them. To
the west of the north-east point of Lismore the sea has a

depth of 54 fathoms
;
to the east, on the old col, it is only

3 to 6 fathoms, with sand-banks gathered around projecting
islets. The mountainous back of Jura is, again, the wall of

a great valley, the opposite side of which is still seen in

Knapdale and Kintyre ;
and the island of Arran itself is an

outlying block of the western flank of a valley that stretched

from Galloway to the south foot of the Grampians near

Dalmally. The channel to the west of Arran is a second

roughly parallel valley, the col which once divided it from
Loch Fyne being some 40 fathoms under water

; while the

main valley to the east of Arran has its floor submerged
pretty regularly to 80 or 90 fathoms.

Glaciers filled most of these long hollows and kept them
clear from debris, gradually shrinking away, as they have
done in Norway also. At present the deltas of highland
rivers are encroaching on the upper waters of the fjords, while

the sea is depositing banks across their narrow mouths. In

considering marine soundings, we must remember that the

form of the old rocky floor is often hidden by these later

accumulations.
The study of fjords will lead us on and on to consider still

greater features of the world. All round the British Isles

accurate soundings have been made, and we know that we
stand upon the edge of a great continental plateau, the

western side of which drops steeply into the Atlantic. The
line marking a depth of 100 fathoms upon our charts passes
from the coast of Norway outside the Shetlands and the Outer

Hebrides, runs from 25 to 100 miles distant from the west
coast of Ireland, and then curves down to Biarritz and con-

tinues on close against the Spanish coast. One hundred
miles west of County Mayo, in Ireland, we reach a depth of

as much as 1400 fathoms, and 300 miles west of Kerry we
find 2700 fathoms, or more than 3 miles. Here, then, we are

fairly in the ocean ;
but the British Isles lie entirely to the

east of it, and are in no way surrounded by it.

If we return across Ireland, the channel between Stran-

raer and Lame has a depression reaching 140 fathoms, and

83 fathoms are found between Dublin and Holyhead. Gene-
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rally speaking, the hollow between Ireland and England is

only 50 fathoms (300 feet) deep.
The English Channel, again, at Dover reaches 30 fathoms

in a few local holes, and is mostly only 20 fathoms deep.
The broad North Sea, but for a deep channel close to the

Norwegian coast (160 to 300 fathoms), measures rarely as

much as 50 fathoms.

So that our islands may be regarded as distinctly Euro-

pean, and an elevation of 600 feet would cause an extension

of the continent as a broad north-western promontory,
bounded by a reduced Bay of Biscay on the south and the

narrow Norwegian channel, above mentioned, on the north-

east. The whole of the British Isles, including St. Kilda,
would become parts of the mainland by such a movement.
A uniform uplift of half this amount, of 50 fathoms or 300
feet, would join Ireland to Wales by a tongue of land between

County Wicklow and Merionethshire, would bridge the gap
from Donegal to Argyll, and would leave a long salt-lake from
off Lough Foyle to the south of Dublin. The English Chan-
nel would be obliterated, and one could walk from any point
on the east coast of England direct to any point in Denmark
or in Holland. One or two little salt-lakes would alone

remain of our southern and Eastern English seas.

The similarity of the wild land-animals of the British

Isles to those of the Continent shows that a connexion
must certainly have existed in comparatively recent times.

Moreover, Ireland possesses some twenty-one species of mam-
mals, Britain has forty species, and Germany as many as

ninety. Allowing for the fact that certain species may have
been killed off by their enemies in the restricted space of

an island more easily than on a continent, where they could

freely come and go, yet these figures show that Ireland was
cut off by subsidence from Britain while the latter was still

united to the Continent. Mammalian species continued thus

to reach England from the east, and then this area was
also separated from the Continent. The westward migra-
tion of mammalian forms was thus checked by the Straits

of Dover, which since then may have undergone many
modifications, both in width and outline.

Numerous traditions of sunken land occur, pointing to

a former extension of the British group of islands westward
of their present boundaries. The fjords are almost all upon
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the Atlantic coast ;
and the steep little cone of Rockall, some

200 miles west of the Outer Hebrides, and the submerged

Porcupine Bank, 150 miles beyond the Galway coast, yet

coming within 85 fathoms of the surface, are doubtless relics

of broader ancient continents. An island, Hy Brasil, is

shown in about the position of the Porcupine Bank on a

French map of I64O,
1 and I have found it marked even on a

chart showing Nelson's voyages, which was published in 1815.

The real date of its disappearance remains uncertain.

j^SL
^W^^HI^^^i

FIG. 8. ROCKALL IN 1897.

(From a photograph by Mr. C. Green ; by permission of the Council
of the Royal Irish Academy.)

Thus, as we walk back to the white houses of the fishing-

village, and again look away over the curve of the bay, to the

great cliff dominant beyond, we realise more than ever the

shifting nature of the line where the land meets the sea.

Not only does the water wear back the coast, and thrust itself

away at other points by building ramparts of pebbles and sea-

sand, but forces more mysterious and far-reaching are at work,

elevating the whole border of a continent, or letting the sea

into the complexities of its denuded surface. What we call

the coast is a line of uncertainty and oscillation
;
and the rocks

which border on it can surpass the oldest fisherman in the

harbour, in telling us strange and eventful stories of the sea.

1 W. Frazer,
" On Hy Brasil," Journ. Roy. Oeol. Soc. Ireland, vol. v., p.

128. As to the traditional "sunken land of Buss," between Greenland and

Rockall, see G. 0. Wallich, "The North Atlantic Sea-Bed" (1862), pp. 63-69.
On Rockall, see report in Trans. Roy. Irish Acad., vol. xxxi. (1897), P- 39-



CHAPTER V

ACROSS THE PLAINS

A FLAT country offers comparatively little attraction in

itself, but derives most of its beauty from the expanse
of air and sky. Beauty it certainly has, but of a kind

so vast and indescribable that one has to live in the midst

of it to feel its full meaning and its force. The greatness
of the level finally comes home to one, especially if some
well-known range of hills looms faintly into sight, forming
a mere thin blue band on the farthest rim of the horizon.

The landscape, as we move through it, is breathed in as a

whole
;
where the details are all so much alike, they all

seem equally insignificant.
The Fenland of eastern England is one of these great

expanses, which at first seem almost wearisome, even to

the bicyclist who skims so easily across them. From Cam-

bridge northward to the estuary of the Wash, there are

forty-five miles of level ground, with thirty or so more if

we cross the inlet at Fosdyke and penetrate the heart of

Lincolnshire. Between the scattered villages lie areas of

black peat, covered with coarse grass and dug into here

and there for fuel. The roads are carried along the crests

of broad embankments, with dark little drainage-cuts on
either side of them, crossed by bridges to the fields. A
few trees cluster round the old farm-houses, protecting
them from the winds that sweep across the fenland steadily
for weeks together, now chill and biting from the eastern

sea, now stronger and moister from the west of England
and the Atlantic. The sky is usually full of great cumulus-

clouds, dark grey below and silvery white above, where the

sunlight strikes through them in long shafts across the grey-

green plain. A church-tower or a windmill is visible ten

miles away, when touched on by these sudden gleams ;
then

it sinks back again into the great gloom of the horizon.

Far in the south the hills beyond Cambridge may be visible,
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with dark woods and a few yellow fields, shining in a clearer

air. There is an aspect of thunder across the fenland all

the summer
; yet the rainfall is one of the smallest in our

islands.

Long lines of pollard-willows follow the courses of the

streams. The main rivers have mostly been "corrected,"
to prevent the flooding of the lowland, and to make them
serviceable for boats

;
and high artificial banks confine them

in straight lines across the country. The currents of some
of these rivers flow rapidly enough, and all are thick with

sand and fine brown mud, which they deposit in long
alluvial banks as they enter the North Sea. The changes
in the form of the coast, due to this deposition, have been

very noticeable around the Wash ;
but a large part of the

material there added appears to be mud swept by marine

currents from the south-east promontory of Yorkshire. 1

The fine sandy mud brought down by the rivers can be

easily seen at low tide near their mouths. The Glen and
the Welland unite west of Fosdyke, and have constructed a

flat of compact material in what was once a broad sea-inlet.

In the narrow channel remaining, each rising tide produces
a rapid inflow of sea-water, entirely reversing the current

of the stream. Much of the suspended matter is thus

brought back again from the sea itself, together with fine

marine mud or silt, and these are spread over the alluvial

flat, when the tide is full and overflows it. Between the

action of the river and the sea, the land is growing slowly
outward into the Wash. In John Gary's map of 1822,

prior to the Ordnance Survey, the sea is shown forming an

inlet three miles long and a mile wide west of the present
mouth of the Kiver Welland. The old Cross Keys Wash, to

the east of Holbeach, has similarly disappeared, the estuarine

deposit having risen high enough for the sea to be artifi-

cially banked out and the whole inlet to be reclaimed.

Numerous lakes or meres formerly existed in the fenland,

notably Whittlesey Mere in the county of Huntingdon ;

these have been drained by their owners, and have ceased

to break the monotony of the plain. But traces of many
lakes of far older date are found among the deposits of this

area, and were no doubt destroyed by slow alluvial infilling.

1 H. B. Woodward, "Geology of England and Wales," 2nd edition,

p. 529.
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Thus fresh-water shells are found in some of the fenland

sections, between layers of clay and peat ;
while plant-beds

and lignite bands show the former prevalence of an approach
to forest vegetation. Stumps of oak, yew, and fir have

been found beneath the peat, which seems to have spread
over the previously wooded ground when a general lowering
of the temperature of the district was in progress. The
brown and black product known as Peat results from the

decay of humble closely growing plants, and notably of

certain mosses,
1 which love damp surroundings and a tem-

perate climate inclining towards coldness. The general
evidence of the deposits of the East Anglian plain shows

that sea-beaches, sands, and gravels extended at first far

over the present land. Mr. Skertchly writes 2 that the bay
of the Wash " was once coextensive with the Fenland itself,

and 1300 square miles have become dry ground within

recent geological times, and the process is still going on."

The rivers filled up the bay at one end, and forests and

peat-bogs spread upon the delta
;

the sea silted up the

outward face, where the incoming tides, laden with sus-

pended matter, met the currents from the land. When the

deposits had reached high-water level, vegetation sprang up,
as it does now, on these marine banks, and not only com-

pacted them, but caused further deposition as every spring-
tide overflowed them. In places the sea may have again

gained upon the land, through local subsidence of the soft

and yielding masses in the estuary ;
the marine sands and

ancient silts, found in drainage-cuts and borings, prove
their origin by containing such shells as the common cockle

and the periwinkle. Thus our East Anglian plain must be

regarded as a complex delta, produced by numerous rivers

flowing mainly from the south-west
;

the sea has assisted

in its own defeat, and the land is still growing in a north-

easterly direction. Those portions of the alluvial area which
are of a sandy or gravely character have long been available

for habitation ; the peat has already ceased to spread, under
the influence of the return of a milder climate and of active

drainage-operations ;
and the seaward front of the delta has

been steadily reclaimed by artificial banks erected from the

1 Hypnum fluitans, not Sphagnum, is the common species in the Fenland

peat (Miller and Skertchly, "The Fenland," p. 555).
? Miller and Skertchly, Ibid., p. 224.
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times of the Komans to our own. But the plain would have

gone on extending, only more slowly, without human inter-

vention.

Thus even this placid country, the old Bedford Level,
the Isle of Ely, is, with its many water-ways, in a state of

uncertainty and unrest
; parts of it are scoured out by the

streams as they come in haste out of the hills
;
and the

material, with that brought from longer distances, is de-

posited again elsewhere along the continually changing
coast-line. Our enquiry into the Fenland shows that we
are merely dealing on a large scale with the features shown

clearly to us in the estuary at our little fishing-village

(p. 90), combined with those seen in the broader portions
of the river-valley in Tyrol.

This strangely impressive plain of England gives us all

the broad effects of Holland, without the trouble of crossing
the North Sea. Holland is a country formed out of the
delta of the Ehine, and some of the materials beneath
its towns may have once formed part of the Alpine
ridges 800 miles away. The coast is constantly in a

fluctuating state, and large areas have sunk nearer to or

even below sea-level in historic times. The drying and

compacting of the deposits, assisted by artificial drainage,
has caused some part of this subsidence

;
there is probably

also an oozing and a flowing out seaward of the lower beds
of sand, which thus produces a sinking of those which have
been in later years piled on them. 1

Sedgemoor, in northern Somerset, supplies to dwellers
in the west of England an admirable picture of an estuarine

plain. An old narrow promontory, with a road carried along
the summit, divides it from the alluvium of the River Brue,
which fills a valley reaching nearly to Cheddar. On crossing
the back of the Mendips and looking down on Wells, we see

this plain of the Brue stretching away to our right, with the
island of Brent Knoll standing in it, and the steep cone of

Glastonbury Tor rising like a volcano near its eastern margin.
If we push on to the south, and cross the promontory above
the quarrying-village of Street, we see the second infilled

estuary, with the River Parret and its tributaries winding
among a number of artificial drainage-ways. Here also

there are small hills rising like islands from the plain, and
1
Suess,

" Antlitz der Erde," Band ii, p. 531, &c.
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the villages, Weston Zoyland and the rest, are quaintly

perched upon them. One historic spot, a steep cone utilised

as a fortress in ancient days, still bears a suggestive name,
the Isle of Athelney.

1

These rivers, descending from the southern termination

of the Cotteswolds, have, in fact, choked an old sea-inlet, and
have piled their alluvium, layer by layer, until it has almost

swallowed up the islands. On digging through the peat
round these projecting masses, beaches of marine sand are

found
;
and the shells in them are those of common living

species. The waters of the Bristol Channel have only been
driven out during the last two thousand years, or since the

Romans came into the country.
Let us now proceed to cross more spacious plains ; they

also can tell us their own history.
In the north of Italy a great level surface stretches for

300 miles, from the Alps of Piedmont beyond Turin to the

mouths of the Po near Venice. It is continued north-east-

ward for another eighty miles to Udine and the Austrian

frontier
;
and here, in a more open and uncultivated country,

we may study its details most conveniently. Away west,

by Milan and Chivasso and Turin, the earliest tributaries of

the Po come down from the St. Gotthard, Mont Blanc, and
Monte Viso, and suffice to flood the whole level country
during a rainy spring or autumn. Up here above Venice
we have an independent set of streams performing the same

actions, and this north-eastern prolongation will serve as a
model of the whole Italian plain.

We have already mentioned the Valle del Ferro (p. 65)
in the Venetian Alps, with its cataract of a river, its vertical

rock-walls, and its sudden windings which seem from point
to point to close the gorge. When we emerge from it at

the hamlet of Resiutta, we see the pebbly banks stretching
out into a wider valley deposition of the suspended matter
has already commenced. Soon the Fella, which is cutting
the ravine, is joined by the Tagliamento from the west,
and the two rivers meet in a barren wilderness of stones.

Alluvial islands begin to appear among these broader waters
;

but the torrents in flood-time still carve their way from

1 For a general account of this district, see H. B. Woodward,
"
Geology

of East Somerset and the Bristol Coalfields," Memoirs Geol. Surv. (1876),

p. 145. Details of changes at the mouth of the Parret are given ibid. p. 159.
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side to side of the valley, and are continually altering the

features of its floor. Here on our left a side-stream comes
down from the Julian Alps ;

it is so feeble in summer as

to be hardly visible
;
much of it trickles away beneath the

banks of stones. But it has brought down, and still is

bringing down in rainy seasons, a vast mass of pebbles,
which it spreads out in a huge fan. The whole lower slope
of the mountain is covered with this deposit, and two or

three villages find room for themselves and their vine-

terraces and their maize-fields along its lower margin. The

shifting and steeper part of the detrital cone has to be aban-

doned to the caprices of the stream
;
and up above, at the

mouth of the lateral ravine, a red tower, with fantastic battle-

ments, holds the narrow passage through the mountains.

It is a landscape of sudden contrasts, and the alluvial

fans, here broader and more nearly horizontal in their

bedding than any we have seen in higher regions, are clearly

swallowing up the older features of the range, and are pro-

ducing a uniformity of slope and surface.

The ridges amongst which we are still travelling, form-

ing the outlying parallels of the central mountain-range,
have been expressively styled foot-hills

;
and they are literally

being buried in the mass of detritus provided by the denu-
dation of high altitudes. By a fairly abrupt transition, we

pass from the foot-hills to the plain.
On all sides of us now the level landscape stretches, with

a cloudless sky above and a still hot air below. In half-an-

hour or so we have forgotten the nearness of the Alps ;
but

we are still some 300 feet above the sea, and the rivers have
an active flow. Along their banks we can perhaps read the

story of the plain.
Before we cross one of these rivers, the white villages,

and the maize-fields, and all the life of harvesters, and

brightly dressed women spinning as they walk, and sleek

brown oxen drawing low-wheeled carts, vanish utterly away.

Rough vegetation, such as bounded the alluvium in Tyrol,

prevails for a mile or two across irregular pebbly banks and

islets; the roads and railways are carried on viaducts of

fifty or sixty arches across streams of the most insignificant

character; and, finally, we come to the main river, and
then have to repeat the passage of a wilderness upon the

other side.
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East of the old walled town of Udine, which is built

upon a tempting hill amid all this flatness, the Torre and
its tributaries come down through such an array of stones

that the course of these rivers cannot be set down upon a

map only the broad pebbly banks can be indicated, stretch-

ing southward towards the sea. West, again, of the wan-

dering reaches of the Tagliamento, there are similar wastes

in which the Cellina and Meduna are literally lost over

courses of seven and ten miles respectively, their waters

reappearing as recognisable rivers near Pordenone. The

Tagliamento, moreover, has lifted itself in places on its own
alluvial deposits, until it flows on a broad ridge thirty feet

above the ordinary level of the plain (compare p. 69).
Farther west still, the magnificent Piave, which runs at San
Stefano and Auronzo through one of the grandest ravines

in Europe, degenerates into a vagrant group of streams,

expanded and divided over a breadth of two and a half

miles. If we follow all these rivers down across the level

to the Adriatic, we find them terminating in marshy deltas,

enclosing backwaters and salt lagoons. On an exaggerated
scale, it is the same type of landscape that we have already
visited (p. 88) at the Brenta mouth near Venice.

Our studies of the junction of side-streams and main
streams in the mountains now come back to us, with a far

wider meaning than we could have guessed as we wandered
down our upland valley. The whole plain results from the

uniting and overlapping of exceedingly flat cones of detritus,

which become less clearly bounded, more unstable at their

edges, as they leave the limits of the hills. The beautiful

steep-sided cones of upper regions, at the foot of gaps in

vertical rock-walls, become caricatured, as it were, by the

broad triangular areas of pebbles lying on the gentle slopes
of the foot-hills. Two or three of these expanded cones
meet along the lower parts of their lateral edges, and over-

lap on one another, according as one or other grows more

rapidly. Their front margins push forward regularly into

the open valley, or into the waters of some lake, which is

thenceforth doomed. Here we have a picture in little of

the growth of the Italian plain, formed by cone uniting with

cone, delta with delta, all spreading outward into the con-
tinental valley of the Adriatic.

On the north side of the Alps, this enormous extension
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of detrital banks is almost equally apparent. Much of the

original deposition, on either flank of the chain, is no doubt
attributable to the glaciers, which at one time formed their

terminal moraines much farther north and south than at the

present day.
1 But the plains, as we know them, are the

outcome of the distributing action of mountain-rivers, work-

ing their will upon the old moraines, and also continually

adding new fluviatile material.

The area covered by detritus on the north stretches from
the Lake of Constanz to Salzburg, and northward nearly to

Passau, and is bounded by the steep banks on the farther

side of the Danube as we return west by Regensburg and

Tuttlingen. Kidges and valleys have been carved out in

this region, but here and there it preserves the character of

a plain. The period of extensive deposition is past, and the

Alpine streams now cut down, for the most part, through
the alluvial pebble-beds, and expose far older layers below

layers that were formed prior to the Alps themselves.

As we climb out of the Inn valley near Innsbruck and
cross over into Bavaria, we find ourselves on a plateau

sloping gently northwards, with numerous streams running
towards the Danube, which lies some ninety miles away.
The forests soon give place to a more open country, which
still falls regularly towards Munich. We can look over

this gentle slope uninterruptedly into far blue distance,
each village, with its church-tower surmounted by a bulb,

standing out conspicuously along the pebbly road. It is

a striking contrast after the dense fir -woods that we
have just quitted, in which, perhaps, rain was falling and
mountain - clouds were wandering; and the farm -lands,

catching the sunlight, with little cottages, and sheltering

copses, and long green hedge-rows, remind one of rural

England, and are none the less delightful. In the great

plain before us, everything is covered deep in drifted

pebbles; the outermost ridges of the foot-hills have been
worn down and buried, and we descend on Munich over

the surface of a vast alluvial cone.

The Isar is at this point the most prominent river
;
but

no less than twenty-two respectable streams, all running
north or north-east, conspire, with their tributaries, to shift

1 See Penck, Bruckner, and Du Pasquier, "Systeme glaciaire des Alpes,"
BuU. Soc. Sci. nat. de Neuchdtel, tome xxii.
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the pebbles of the plain, to sort them out and rearrange
them, in the area between Hohenzollern and Upper Austria.

The flow of the Isar is in itself surprising. If we approach
Munich from the Danube, we climb up and down over
small hills hidden in alluvium, and come at Freising upon
the broadest area of the valley. The road ahead seems

absolutely level, and right and left for some six miles no
semblance of a hill is to be seen. But if we get across by
the rickety little foot-bridges, over all the side-streams

and back-waters, to the Isar itself, we find a cold green
flood rushing between its pebbly banks, swirling round

every obstacle in genuine waves, and looking like a moun-
tain-torrent that has somehow got into the wrong surround-

ings. The peasants have built walls of masonry to prevent
its encroaching on the fields, and an area more than a mile

wide is often abandoned to it as a playground. The fall is

still about ten feet in a mile, and the surface of the plain,
which was formed by the union of the river-cones in ancient

times, is here becoming cut into by a shallow valley, in

which lakes and alluvial flats have no doubt again and

again arisen.

Far in the north, the Danube runs under a band of

steeply descending hills, and makes a great curve from Ulm
to Regensburg, and then down again to Passau. The edge
of the plain here coincides with a great line of fracture and
movement in the earth's crust,

1 and the river is thus brought
against a wall of hard old rocks, such as the Bavarian Forest

ridges, which lie on the up-side of this line of movement.
The floor of solid rocks underlying the alluvial plain is

believed to have sunk, or to be on the down-side of the line.

But this would not alone account for the great swing of

the Danube towards the north. It looks as if this river

had been steadily thrust away in that direction by the

encroachment of the alluvial fans from the south, their thin

edges pushing forward and spreading the plain
-
country

into the very centre of Bavaria. At present the Danube
has been pressed up against the solid northern wall, and
can only shift farther by cutting into it at the base. In
recent geological times it has been able to carve out a

picturesque gorge between white limestone cliffs near

Regensburg ;
and any undermining action now exerted

1 See Suess,
" Antlitz der Erde," Band i, p. 253.

I
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against the northern masses will allow the plain to go on

growing.
A river working thus against one side of its valley

imitates the horizontal cutting of the sea
;

it may shift its

bed constantly sideways in one direction, and the alluvium

brought by itself and by its tributaries will form a flat of

steadily increasing dimensions upon the other side. The
Danube plain at Straubing is thus quite a one-sided
structure

;
in the north rise the beautiful fir-clad ridges of

the Bavarian and Bohemian Forests, the lowest foot-hills of

which have been cut into by the river and have formed
a band of yellow cliffs. On the south side the country
seems absolutely level

;
the towers of Plattling and Strau-

bing are by far the most interesting objects in the land-

scape; and the white road, made of the characteristic

quartzite pebbles, leads invitingly and easily into Austria

under the summer sunlight of the plains.
There is, however, a more imposing spot in Europe from

which to study the greatness of an alluvial plain. Let us

come away by the railway into Hungary, across the corn-

land of the Vag, and through the last narrows of the

Danube valley to Budapest. The view from the old citadel

south of Buda seems to open up all the east of Europe.
In the north behind us we have the volcanic hills round

Visegrad, the tumbled masses of the mining-country, and
the far blue line of the foot-hills of the Karpathians ;

but

south and east stretches the plain of central Hungary, with

the grey-green Danube, some 400 yards in width, flowing

through it in long sweeping curves. Ever since the river

left Vienna, it has tended to divide and to join itself

together again, producing enormous elongated islands run-

ning in the direction of the stream. Some of these have
been carved out of the older alluvium, some have been

deposited in the course of the present river
; and, were it

not for human intervention, floods and redistribution would
be the order of the day.

The plain itself is richly fertile, and is now gradually

becoming one of the great corn-producing countries of

Europe. At sunset a warm pink haze settles across it, and

gives even the cultivated portions the aspect of an un-

touched prairie. Rough brown roads, worn by carts in the

surface-soil, connect the hamlets of one-storied houses
;
and
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here and there a little market-town straggles, its streets

four times as wide as Piccadilly. In a Hungarian village,

there is often room for a water-course on each side and
another in the centre of the highway; and the country-
roads have no true edges, but wander on and widen out,

as if worn by some horde of Asiatic invaders on the march.
On the edges of the plain the ground rises gently towards

the great curve of the Karpathians. The corn-fields are

found running up as long brown strips over the slopes of

rounded ridges, and at last come to an end against the blue-

green fir-woods on the mountains. These ridges and hillocks,

deeply intersected by little dusty valleys, are the alluvial

heaps banked against the solid mountain-side
; they are still

being added to, but the streams in summer are liable to

dwindle entirely away. Great boulders stick out of the

banks of yellow earth, as records of former floods and torrent-

action
;
and a change of climate, such as might be produced

by an increase in the elevation of the Karpathians, would

speedily wash away these accumulated foot-hills and add their

materials to the plain. In the great plain itself, stretching
for some two hundred miles from side to side, Professor Suess

believes that we have an area which has sunk in olden times,

leaving the mountains standing about it almost like a ring.
In such a gathering-ground, with its narrow outlet on the

south-east, the phenomena of the Bavarian plain have natu-

rally been repeated. Whether a lake ever filled the basin is

a matter of opinion ;
for the general flatness of the alluvium

might easily be produced by the spreading action of the rivers.

Von Kichthofen l shows us how the fine dry clay of the Hun-

garian plain, with remains of fresh -water and terrestrial

shells, has become carried up the slopes of the mountains by
the wind, and has been deposited as a thick coating over the

surface. The same observer records sand-dunes,
2
forming

characteristic wave-like ridges from north to south across the

country ;
wind-action has doubtless done much in the distri-

bution of the fine materials.

On so incoherent a surface, the rivers have naturally
wandered and shifted at their will.3 The Tisza (the Theiss

of the Germans) is a remarkable example ;
in the central

part of its course, near Szolnok, it is working its way west-

1 "China," Band i, p. 157, &c. -
Ibid., p. 159.

3 See Reclus,
" Nouv. Geographic universelle," tome iii, p. 313.
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ward at the rate of about one foot a year, so that, if a good-
sized house were erected on its banks, the river would walk

through it in little more than thirty years. It is thus con-

tinually cutting into its crumbling western bank, and thrust-

ing back the adjacent towns. The tributaries from the east

bring in fans of detritus, which encroach on the main stream,
as those from the Alps have encroached upon the upper
Danube

;
and the result is that this part of the river has

shifted westward some sixty miles from the fringe of the Tran-

sylvanian hills. Farther south, however, its shift is easterly.

Trajan and Diocletian erected forts on a plateau on the east

bank of the Tisza, close to its junction with the Danube, to

prevent the Dacians from crossing ;
in later times, this plateau

became an island, and it is now on the west bank of the river.

A similar case of Nature's taking matters into her own hands
is recorded by Keclus 1 of a village in the alluvium near

Speyr, which stood on the right bank of the Ehine in 1570,
and is now, against its will, upon the left.

The Tisza leaves behind it, on one side or the other, dead

loops and deserted back-waters, which form curiously curved

lakelets until they finally become marshy and dry up. The
substances held in solution by the river become concentrated

by evaporation of the water, until the residue in the marshes
is often salt

; and, on the final disappearance of the marsh,
these salts become added to the alluvial matter of the plain.

Similar abandoned portions of its course may be seen

beside the Danube itself near Mohacs, and they are common
along the Drava and the Sava, as they too reach the plain

(fig. 10). An amusing result of such shiftings in the soft

alluvium of the plains occurred in the summer of 1 894 on
the borders of Galicia. Since 1892 disputes had disturbed

the village of Kudrenice, owing to the movements of the

River Zbrucz
;
and commissioners had finally to be appointed

to determine how far Russia and Austria were to be inter-

changed at the pleasure of this animated frontier-line.

North of Bohemia and the granite-knots of Central

Europe, there is a great plain that extends from Holland into

Russia. 2 It is, in the Prussian region, covered with mounds
and hills of gravel, which sometimes rise 600 feet above the

sea ;
in depressions, or in loops of the low hills, lie abundant

1 " Nouv. Geographic universelle," tome iii. p. 550.
2 See Wahnschaffe,

* '

Oberflachengestaltung des norddeutschen Flach-

landes," iqoi.
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lakes, each with its red-brick village on the bank. The only
stone is obtained from the boulders in the gravel-pits, and
these boulders prove to have come from Scandinavia. In

fact, the area was once occupied by huge glaciers, and by
streams flowing from their feet and distributing the detritus,

until the old rocks became buried some 100 metres or more
beneath a great coating of northern "drift." The very

gravel ridges, on which windmills are now planted, often

represent the matter accumulated by rivers that ran beneath

the ice, and were left behind when the glaciers at last melted

away. The landscapes of this vast infilled basin are fasci-

nating, though monotonous
; wind-swept forests, enormous

fields where the plough reveals patches of soil of various

colours, sinuous lakes, and here and there glimpses of the

grey-green Baltic in the north, succeed one another from

Hamburg to the bounds of Prussia. At the present day the

rivers from the southern highlands are cutting into the

drifts and are depositing their own alluvium. Among the

more recent accumulations of the plain is the fine material

called Loss. This is typically a structureless clay, with some
sand and carbonate of lime, and contains numerous shells of

land-snails, particularly of a species, Swcinea oblonga, which

prefers moist and cool places. It is especially formed where

heavy rains in a generally dry district wash down the finer

matter from the hillside taluses, and spread it out on the floor

of temporary and very shallow lakes. 1 The wind carries away
the finest material as these dry up again, and the associated

sands may be swept up into dunes. The struggle in such a re-

gion between the wind and the irregular clumps of vegetation
is well seen in southern Hungary, or along the Polish border.

Von Eichthofen urged most forcibly the importance of

wind-action in producing loss, in his memorable work on
China before referred to.

2 This unstratified yellow calcare-

ous clay, full of the little tubes left by decayed rootlets,

light and porous, drying on the surface almost as soon as the

rain ceases, has filled up vast depressions in the interior of

China and has climbed high upon the flanks of mountain-
chains. The waters that soak into it have cut deep vertical

clefts, which are often produced by the falling in of the

1 See I. C. Russell, "Subaerial Deposits," Geol. Mag., 1889, p. 343,
2
"China," Band i, p. 56, &c. ; and "On Loess," GeoL Mag., 1882, p. 293.

Also Keyes, Am. Journ. Sci., 4th ser., vol. vi. (1898), p. 299.
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material above the courses of underground streams. The

landscapes in the plains that are formed by the steady

growth of the loss are thus of a most singular character, and

the trade-routes of the caravans often lie along the bottoms

of canons, which may be only four to six feet wide. Von
Kichthofen points out that in rainless deserts fine dust may
be formed by the cutting action of blown sand acting on the

face of rocks
;
but this material is carried away by the gusts

almost as soon as it is formed. Wind-borne dust, and con-

sequently loss, only accumulates where vegetation already
exists

;
it becomes caught in the twigs and little branchings

near the soil, and adds to the mass of the plain. Year by

year the vegetation rises to a higher level
;

the plain is

growing under it. Heavy rains would wash off this accumu-
lation ;

and hence a fairly dry, but not a desert, climate is

required for the production of true loss. At present, in

China, a period of denudation by rain and rivers has set in,

and the loss is being cut into and removed.

The formation of loss depends largely upon the materials

supplied to the rain-waters and the steady wind-currents.

M. de Lapparent,
1 who believes, in spite of Von Blchthofen's

arguments, that the loss is the result of the action of heavy
rains and of alluvial deposition, shows how the sandy clays
of the north of France have become broken up to form loss

in the same region. A happy combination of the alluvial

theory (p. 133) with that which attributes the distribution

to the wind will allow us to perceive that a country where
river-muds or loose delta-deposits occur high and dry will

be exactly that most suited for the supply of loss-materials,

which may then be carried far away, or may be redistributed

over the inequalities of the old river-beds near to their place
of origin.

2

We may now profitably glance at the extensive deposits
in the north of India,

3 where a combination of such features

has actually been at work to produce the plains. These

deposits cover 300,000 square miles, with the three great
rivers, the Ganges, the Brahmaputra, and the Indus, wander-

1 " Trait^ de Gdologie," 4me ddit., p. 1611.
2 See the careful discussion by W. F. Hume, Oeol. Mag., 1892, p. 549,

and 1894, p. 306.
3 "Manual of the Geology of India; Stratigraphical and Structural/'

Geol Surv. India, 2nd edit., p. 427, &c.
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ing through them and spreading them seaward on both sides

of the peninsula. The loops of the Ganges might easily in-

tersect those of the Indus across this huge alluvial level, and
so change the drainage of thousands of square miles. The
material of the plain is a sandy clay, often cemented in

an irregular lumpy manner by carbonate of lime. In a zone
about thirty miles wide, extending along the foot of the

surrounding hills, true pebbles occur, representing the ex-

treme edge of the ordinary mountain-fans
;
farther out we

find merely sand and clay, the latter becoming very fine in

the flatter portions of the plain. Fresh-water shells show
that here, as in Europe, we have nothing to do with any
incursion of the sea or with the uplifting of a "

plain of

marine denudation." The present surface is due to river-

action, assisted in the less marshy portions by the wind.

A well-known boring near Calcutta, finished in 1840, pene-
trated fresh-water alluvium to a depth of 460 feet below the

present mean level of the sea, which shows how depression
of the first-formed layers has gone on steadily in the delta. 1

At Lucknow a borehole has found no base to the series of

river-deposits even at 1000 feet below the sea-level.

At present the rivers seem less burdened with suspended
matter than of old, and run in broad valleys excavated in the

earlier alluvial flat. It is probable that, as the deltas become

steadily silted up, and as their surfaces become raised by the

additions made in times of flood, the flow of the rivers will

be checked in their central portions, and deposition will take

place in the broad valleys farther and farther up towards their

heads. Thus the level of the older plain may eventually be
restored. 2

The geographical changes in a country so constituted may
of course be as rapid as in Europe, and are altogether on a

bolder scale. It thus appears that the mouths of the Brah-

maputra and the Ganges are always struggling with one

another
;
while the Jumna, which now joins the Ganges, flow-

ing through Agra to Allahabad, originally made its way across

Bahawalpur to the western side of the peninsula. The dry
bed of an old river is traceable along this route for a distance of

nearly four hundred miles
;
and it was probably not abandoned

by the Jumna until after the Hindus were in the country.

1 Compare p. 89.
2 "Manual Geol. India," 2nd edit., p. 446.
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All these great plains that we have been considering con-

tain salts, which sometimes render their surface-soils unfit

for vegetation. We have already seen how the drying up of

marshes has deposited part of these materials
;
but in most

cases the mere soaking in of rain-water accounts for their

presence and accumulation. The rain, with its dissolved

gases, attacks the pebbles and the minute mineral grains, and

decomposes many of their constituents. The salts carried

off in solution sink with the water into the easily permeable
alluvium

;
but there is a constant oozing out and circulation

of this underground water, and later rains may even fill up
the pores of the whole mass and cause a diffusion of the con-

centrated solutions that occupy the lowest levels. Thus the

salts are in part brought again to the surface, and become

deposited there between the grains, or as a white crust, when

evaporation has done its work. 1 Von Kichthofen regards the

tubes left by the rootlets of former vegetation as of import-
ance in allowing such complete penetration of the mass by
water. The loss of China is rendered surprisingly fertile by
this constant renewal of the salts in the surface-soil, in a

happily moderated degree, and the stores accumulated below
in bygone times show as yet no signs of exhaustion.

The great deposits of salt in the world had, however,
another and a more rapid mode of origin ;

and this also is

connected with the formation of a certain type of plain.
In the States of Nevada and Utah, in North America, and

extending into California and Oregon, there is a region known
as the Great Basin, the rivers of which either drain into

lakes which have no outlets, or disappear in sands before they
can reach the ocean. This area includes about 210,000 square
miles, and contains a number of plains. Even in its low-

lands, it is typically a plateau-country, being usually 5000
feet above the sea. 2 The air of this high inland region con-

tains on an average only half as much moisture as it could

absorb before reaching its saturation-point (p. 37) ;
and the

rainfall is only ten inches in a year. Towards its south end
the Basin sinks in places below sea-level, and layers of salt

are here spread over the valley-floors. The Great Basin con-

tains a dozen or more lakes, the largest of which is Great

1 Von Richthofen,
"
China," Band i, p. 71.

2 G. K. Gilbert,
" Lake Bonneville," U. S. Geological Survey, Monographs,

i, p. 6, &c.
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Salt Lake, near which the famous city stands
;
and round this

body of water, eighty miles in length, a considerable part of

the country bears the character of a genuine plain.

The Great Salt Lake Desert to the west measures about

eighty by forty miles, and has a level surface, with but few

interruptions. Such mountains and bluffs as rise above it do

so steeply, and seem so out of keeping with the general char-

acter of the landscape that the older emigrants, passing across

in waggons, spoke of them as islands and gave them cor-

responding names. The plain has shallow depressions here

and there, which are converted into lakelets after storms,
but which soon dry up again, leaving a surface of com-

pact pale yellow clay,
1 with a deposit of salt around its

margins.
The plain as a whole is covered by exceedingly fine mud,

impregnated with salts, until we reach its margins, where
detrital fans have encroached upon it. The prevailing winds
are from the west, and have piled up dunes against the flanks

of the hills on the eastern side, illustrating Von Richthofen's

theory of the transference and spread of loss.
2

The Great Salt Lake itself rests as a mere film upon the

surface of this plain, being only about fifteen feet deep. Its

waters are very bitter in taste, and so saline that the early
Mormon settlers used to say that from three barrels of water

they could obtain one barrel of salt. In 1850 there were
some 22 parts by weight of salts in every 100 parts of

water
;

in 1 869 the lake had increased in size, owing to

greater supply of fresh water from the surrounding hills,

and the salts were only 15 per cent. Results as high as 19.5

per cent, have since been obtained by Dr. J. E. Talmage in

1889. Sodium chloride is the most prominent constituent,
both in the waters and in the dried salts, which frequently

appear upon the surface of the plains like snow. On the

cooling of the lake in winter, crystals of sodium sulphate
are thrown down, and may often be gathered from the

bottom.8

1 For an important account of these " adobe "
deposits, and a comparison

with the loss, see I. Russell,
"
Subaerial Deposits of the Arid Region of North

America," Geol. Mag,, 1889, pp. 289 and 342.
2
Hague and Emmons, "Descriptive Geology," U.S. Geol. Exploration oj

40th Parallel, 1877, p. 466.
3 For these and other points, consult Gilbert's fine monograph, above cited,

which is enriched by a handsome series of illustrations.
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This remarkable salinity of Great Salt Lake is paralleled
in certain seasons by the smaller Sevier Lake far away to the

south, which actually dried up in the autumn of 1879. A
salt-layer four or five inches thick resulted, formed of sodium

chloride, sodium sulphate, and magnesium sulphate. The

irrigation-works carried out in the valley of the Sevier Kiver

had in this case diverted the supply of water.

Some twenty-five miles south-west of Salt Lake City,
there is curiously a fresh-water lake without an outlet, called

Bush Lake, which is believed by Mr. Gilbert to have dried

up in recent times, and thus to have deposited all its dissolved

material. This layer of salts has then been covered by some
stratum of mechanically suspended matter, and the lake has

since been filled up again with fresh water from the hills.

Utah Lake is fed from the Wahsatch Mountains, and flows out

into Great Salt Lake, and is consequently fresh.

How has
k
the Great Salt Lake, however, become so con-

spicuously salt ? We have already hinted that it is subject
to changes in volume

;
in the spring the water rises, owing to

the melting of snow upon the mountains, and in summer it

falls, owing to the evaporation from the surface. But larger

changes are in progress, due to alterations in the local climate
;

and any slight increase in depth means, in so shallow a de-

pression, the flooding of a vast amount of the plain. Thus
in 1850 the lake covered 1750 square miles, and this was in-

creased to 2170 square miles in the course of the next twenty
years. At present the area is decreasing, evaporation being
in excess of the supply.

In studying such fluctuations, we begin to see how the

salt has accumulated in the lake. Surely it must be due to

the old outlet having disappeared, and to the fact that

evaporation has served in its place to remove the continual

additions of river-water. The salts, as in the marshes of

the Hungarian plain, have thus been left behind
; and, but

for occasional rainy seasons in the hills, the salinity would
be steadily on the increase.

But, further, if we examine the walls of the mountains

beyond the long dreary miles of plain, we find that they
are marked by horizontal terraces, and that they have been

actually excavated along these levels, cliffs being produced,
as if by the waves of ancient seas. Beaches occur, sloping
down from these terraces, and sand-banks and bars of
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various forms are common (fig. 9). The " islands
"

of the

Great Salt Lake Desert, when examined closely, resemble

islands indeed, with similar terraces carved out of them by
the waves. The cliffs that are so suggestive on the moun-
tain-flanks rise to a height of 1000 feet south of Salt Lake

City, with long sand-spits stretching from under them into

the plain. A long series of explorations in this district has

proved beyond a doubt that formerly an enormous lake not

FIG. 9.
OLD LAKE-TERRACES OF THE SALT-LAKE AREA OP UTAH THE

GATE OF BEAR RIVER. (From "Lake Bonneville," by G. K. Gilbert;

by permission of the Director of the U. S. Geological Survey. )

only occupied the Salt Lake Desert, but ran on southward

in broad inlets over the salt-strewn plains and valleys. This

lost lake has been called
" Lake Bonneville

"
;

it rivalled in

area the inland seas of the northern States, being nearly as

large as Lake Michigan ;

l for it was 346 miles long, and

130 miles wide, measured from Salt Lake City across the

western desert. The waters rose about 900 feet above the

present level of the plain.

1
Gilbert, "Lake Bonneville," p. 105.
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The wave-cut terraces on the shores and on the former

islets represent successive levels at which the water lay

continuously for long periods. The area of sloping beaches

from one terrace to another corresponds to a time of fairly

rapid decrease or increase in the volume of the lake. It

appears that Lake Bonneville had a notch in its northern

walls, at the head of the Cache Valley, which was banked up

by alluvium
; and, when the waters were once high enough

to flow over this pass, the soft barrier rapidly gave way, and

a flood poured out towards the Snake River, which rapidly
reduced the level of the lake. The torrent in the outlet

finally cut its way down to the underlying limestone rock,

and here continued to flow over without materially deepening
its bed

;
a second zone of terraces, 375 feet below those

formed at the highest level of Lake Bonneville, marks the

shore-line of this later resting-stage of the lake. We even

know that the area of the lake at this period remained fixed

for a longer time than when it was at its highest level, since

the lower series of wave-cut terraces is far broader than the

upper, and the banks of accumulated detritus are far more

massive.

But finally the lake began to shrink away, until the

basin became a closed one, the water no longer reaching
to the outlet. As the water was removed by evaporation,
the surface steadily sank, and the alluvial cones from the

hillside-streams grew downwards and outwards over the old

terraces and slopes. Whether the huge Lake Bonneville

ever actually dried up is a matter that cannot be determined ;

but probably the Great Salt Lake, Utah Lake, and Sevier

Lake are the last relics of its grandeur. The salt-marshes

that are formed everywhere in the depressions after rain

show how the floor retains much of the matter once held in

solution by Lake Bonneville, while Great Salt Lake remains

as its concentrated and still liquid representative. The
river-waters still flowing into the old basin of Lake Bonne-

ville contain about .025 per cent, of material in solution,

while Great Salt Lake contains, as we have seen, about 760
times as much.

Thus the wonderful level plain, so strikingly contrasted

with the terraced mountains and the "islands," represents
the old lake-floor

;
it proves to correspond on a large scale

1
Gilbert, op. cit., p. 127.
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to the little grass-grown flat-bottomed basins so often met
with in the Alps. When we say that Lake Bonneville rose

900 feet above Great Salt Lake, we only gain an imperfect
idea of the true magnitude of its basin. The greater part of

its hollow has become filled with sediments, the outermost

washings from the surrounding cliffs
;

these have been

spread out in level layers of fine mud and sand over the

whole central area, pebble-beaches running out into the

deposits from the shores and islands. Mr. Gilbert believes

that the lake-alluvium reached a thickness of at least 2000
feet

;
erosion at the present time cannot carry the material

out of the basin, and it is merely raised by the wind into

long dunes in drier areas, or flattened down and caked

together in others by the casual showers of rain. The

foundation-layers of this great mass of alluvium belong to

a period of lake-formation when the boundaries of Lake
Bonneville were not yet established

;
the hollow began to

be filled up in far earlier geological times, and the total

deposit may reach a depth of several miles. 1

Thus plains, graduating into salt-deserts, may arise by
the total abolition of ancient lakes. At the present time

the floor of the Lake of Geneva is extraordinarily and almost

mathematically level, after we once get beyond the steep
banks formed by the continuation of the alluvial cones

beneath the water. This level surface of finely sifted

detritus, free from the swirl of currents and from any
erosive action, lies at a depth of about 1000 feet (309.5

metres) below the surface. 2 This figure reminds one curi-

ously of the relations formerly existing between the Great

Salt Lake Desert and Lake Bonneville.

Mr. I. C. Russell 3 has described another ancient lake

in the Great Basin, lying near the north-west frontier of

Nevada. " Lake Lahontan " was nearly as long as Lake

Bonneville, but contained a great pear-shaped island which

largely reduced its area. Seven saline lakes still lie in the

floor of it, which are believed to be produced by flooding
of the hollows after the complete drying up of Lake
Lahontan. One of these, North Carson Lake, twenty miles

1 Gilbert, op. cit., p. 99.
2
Forel, "Le Le*man," tome i, pp. 51 and 109.

3 "
Geological History of Lake Lahontan," Third Ann. Report U. S. Ocol.

Surv., 1883, p. 195.
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long and twelve miles wide, has been known to disappear by
evaporation, leaving for a time " a plain of saline mud "

as a continuation of the area of fine clayey sediments which

form the Carson Desert. The depressions of this area, like

those of Lake Bonneville, are occupied by level deserts,

which represent the alluvial infilling of the great lake
;

and salts are constantly accumulating in crusts upon their

surfaces, being brought by circulating waters from the

strongly impregnated sediments below. Sodium chloride

(common salt) and calcium sulphate (which combines with

water and crystallises as Gypsum) are especially prominent
constituents of these dried materials. In a closed lake-

basin, as Mr. Russell points out,
1 fed by ordinary river-

waters, calcium carbonate will be the first material to

separate out on the evaporation of the lake, since it is the

most abundant and least soluble salt in the rivers
;

then

calcium sulphate will be deposited, and then, after the loss

of almost all the water, sodium chloride, the chlorides of

magnesium and calcium following even later still. Both the

shores of Lake Bonneville and Lake Lahontan give, in their

layers of friable or compacter fresh-water limestone, known
as Tufa, ample evidence of the deposition of calcium car-

bonate from solution. Often this deposit acts as a cement
to bind the grains together in the sand-banks.

Another feature of lake-deposits is the formation of

hydrated iron oxide or Bog iron ore. The iron is brought
into the water by the rivers, being held in soluble combina-
tions by the acids produced by the decay of land-vegetation.
These compounds break up under the oxidising influence of

the air, when carried into bogs and marshes, or into the broad
and constantly circulating waters of a lake

;
and an insoluble

substance, brown rust, or hydrated iron oxide, is produced.
This accumulates at the bottom round water-plants and

pebbles and sand-grains, and sometimes even forms little

spherical concretions, which become heaped together, making
a workable ore of iron. Hence lake-deposits are typically
reddened by this coating of iron oxide over the surfaces

of their constituents; and nothing is commoner, when we

attempt to work out the past history of an area, than to

come across beds of rock-salt and gypsum, associated with

1

Op. cit., p. 229. See also A. J. Jukes-Browne,
" Handbook of Physical

Geology," 2nd edit., pp. 243, 247.
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red clays and sandstones and conglomerates. Fresh-water

shells may help us to form a true judgment as to the mode
of origin of such strata

;
but the very absence of evidence of

marine life, and the mineral characters of the rocks, will

prove that we are examining the floor-deposits of an evapo-
rated lake. Along the railway between Larne and Belfast,

such reddened strata, with gleaming interlacing bands of

gypsum, form an admirably clear example ;
and great beds

of rock-salt are found in the immediate neighbourhood in

borings in the same series of strata.

Thus the study of modern plains has led us to the con-

sideration of lake-deposits, with which they are so often

associated. In conclusion, let us glance at one or two areas

of evaporation nearer home.
The Dead Sea, in Palestine, is almost too familiar an

example. The region in which it lies is nearly rainless, and
it has no outlet, although the Jordan is steadily flowing into

it. The surface of the lake lies 1292 feet below that of the

Mediterranean Sea, and the water is in places 1 200 feet deep.
A large body of water has, however, been removed by evapora-
tion, the alluvial terraces in the Jordan depression occurring
as high as 1400 feet above the present surface. The mol-

luscan shells (such as Melania tuberculata and Melanopsis

tSaulcyi) occurring in these old deposits show that the lake

was originally fresh. 1 When it had shrunk to 600 feet above
its present level, it deposited, as at Jebel Usdum, salt and

gypsum in the clays and sands. New materials were brought
into it

;
it may have spread and again contracted ;

and similar

deposits occur on the promontory of El Lisan, 300 feet above

the present surface. The lake as we now know it is devoid

of animal life, except for some small fishes near the entry of

springs at its southern end. Cubes of rock-salt and plates
of gypsum are being deposited upon its floor, where the water
is more saline than in the upper layers. Captain Lynch,

2 of

the American Survey of this region, obtained water from a

depth of 1 1 10 feet, which had a specific gravity of 1.227, an(^

which contained salts equal to more than a quarter of its

weight. The analysis is instructive, showing, like all those

1

Survey of Western Palestine, Palestine Kxploration Fund; "Geology,"
by E. Hull, p. 80.

2
Quoted by Bischof,

" Chemische und phys. Geologic," 2nd edit., Band i,

P- 3'3-
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of the waters of this particular lake, a remarkable prepon-
derance of magnesium chloride. Perhaps part of the sodium
chloride has already been abstracted by the commencement
of the process of deposition (see above, p. 142). The analysis
showed:

Magnesium chloride . . . 14-59
Sodium . :," .

~ '

v . 7-855
Calcium . . , . 3.108
Potassium . '', . 0-659
Calcium sulphate 0.070
Potassium bromide . .

"

. . 0.037

26.319

But there is every likelihood that the water of the Dead Sea

becomes tampered with, as it were, by the volcanic springs
which open into it. In any case, it is a very abnormal water, as

we at present know it. M. Lartet,
1 a French explorer, showed

that the specific gravity at the surface was 1 .02 1 6, increasing to

1.2533 a^ the bottom, with as much as 27.8 per cent, of salts.

Should the Dead Sea finally evaporate altogether, a limited

alluvial plain would be produced at the bottom, singularly

placed some 1500 feet below the level of the Mediterranean.

If we are here dealing, as in Utah, with a lake of fresh

water slowly concentrated, in other areas we have similar

phenomena produced by the drying up of portions of the sea.

The plains around the Caspian were originally the floor of

a sea extending northwards and westwards, at a time when

probably the Bosporus was not yet opened. The Black Sea

and the Sea of Azov then communicated with the Arctic

Ocean, by way of the Caspian steppes and the Sea of Aral.

Marine shells are found in the plains at present intervening,
and the animals still living in the saline Aral and Caspian
waters show an original connexion of these inland seas, both

with one another and with the Arctic region. Slight
earth-movements have raised a barrier which crossed the old

line of communication ;
even now a rise of 84 feet in the

waters of the Caspian would connect it with the Sea of Azov
;

by an increase of 242 feet it would reach the Sea of Aral
;
and

a further rise of 62 feet would cause this great sea to drain out

by the Obi route into the Arctic Ocean. 2 But no such results

1 "Voyage d'exploration a la Mtr Morte," tome iii, p. 278.
2 See W. B. Carpenter, article

"
Caspian Sea," Encyclopedia Britannita>

9th edit., vol. v.
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are now obtainable, without a depression of the Aral region,
or the elevation of a whole new ridge to prevent the waters

draining westward. Mere filling up of the present basin, as

above suggested, might serve to connect the Black Sea and
the Caspian ;

but after that, to include the Sea of Aral, we
must raise the level of the Mediterranean waters also, and
hence of the Atlantic Ocean.

It can be shown that the plains around the Caspian
result from the diminution of the waters, for old shore-lines

occur some seventy feet above the present surface
;
and the

shrinking of the older lake must have been rapid, seeing
how slightly denudation has laid hold of the region between
the upper terrace and the present one. The great changes
in physical geography which cut up the former north-east

sea and drained the Black Sea basin into the Mediterranean

may actually have occurred since man appeared upon the

earth. The great Danube itself may thus, almost in historic

times, have sent its waters to the Arctic Seas.

The present Caspian is, however, not necessarily a relic

of the north-east sea. It may have arisen from a refilling of

the old marine depression with ordinary river-water. It is

certainly for the most part far less salt than ocean-water,
and even than the enclosed Black Sea. But much of the

salt is being withdrawn by deposition in certain areas of

extreme evaporation, such as the highly saline Bay of Kara-

boghaz ;
into this a current constantly runs to maintain the

level of its surface.

The Desert of the Great Sahara is in parts a plain in

which wind-action has full scope. It has often been said

that its present surface was an old sea-bottom, like much of

the country round the Caspian ;
but recent enquiries have

thrown doubt on this,
1 and the plain as we know it may be

ascribed to wind acting in a region practically devoid of rain.

Doubtless the old basin, an area of depression, was there

ready formed at the time when the climate became dry and
when vegetation began to disappear ;

then the soils that had

already accumulated were laid hold of by the prevalent north-

east winds, and were carried into the air as clouds of dust.

Much of the finer material may have disappeared, having
gone to form loss elsewhere

;
the sandy residue, with nume-

rous coarser and pebbly banks, remains to form the desert

1 See De Lapparent,
" Trait de G^ologie," 4me ddit., p. 1639.

E
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floor. The sand-grains, rubbing constantly on one another,

become cleaned and polished, to a degree unknown among
river or sea sands

; larger pieces of rock become scored into

and pitted by the friction of these particles against them
;

and the wind also carries the sand in powerful blasts against
the barren hills, and sculptures them into slabs and pinnacles
and all manner of fantastic forms. The sand lays hold of

natural lines of weakness, such as joints or bedding-planes,
and excavates the rock along them; hence the horizontal

stratification of some desert-cliffs becomes emphasised in a

striking manner. The Sahara varies considerably in height
above the sea, including several plateaux of 2000 to 5000
feet

;
some parts are swept bare down to the bed-rock, which

becomes polished by the passage of sand over it, while others

show saline traces of former lakes. Sand-dunes 300 feet

high have been formed in those areas in which the trans-

ported material has taken refuge ;
and smaller conical heaps,

prolonged into crescents by the wind-eddies, are a common
feature of the landscape. On the east of the Sahara, the

sands of the Libyan Desert travel before westerly winds
towards Egypt, which they literally invade, burying its tombs
and temples. The plain grows steadily in this direction

;
in

fact, we see here the delta of one of the broad currents of

the air.

Now we have probably learned enough, in running in fancy
over all these regions, to convince us that plains have a genuine
interest of their own. We may be living for years in an

absolutely level country before it will yield up all its secrets
;

and then we shall probably find that the enormous landscape,
in which the sky plays so large a part, in itself reflects the

history of the plain. Width and space, whether of wind or

water, are the first necessities. Climates may have changed ;

the sun may now be obscured by cloud-drifts where
once it ruled in splendour; rich grass may have spread
across the worn-down and scattered desert-dunes

; gleaming
patches of salt may alone represent the blue waters of some
inland sea

;
but the sense of space is still with us, and the

region is still a playground for every wind that blows. Even
the mirage, by which the desert seems converted into a sheet
of water, may be a faithful picture of the past ;

and the

turning up of a common cockle-shell under the foot of the
traveller may arouse trains of thought that will be a recom-



ACROSS THE PLAINS

pense for many weary days. But there we have wandered
far from our own familiar fenland. The moon is rising over

the long chalk ranges, and the short grass gleams as if

already touched with hoar-frost
;
behind us the soft sheets

of mist are stealing across the hollows of the fen. In an
hour or so the express will carry us to London

;
and there

will still be time to catch the boat at Dover.

FIG. 10. LANDSCAPE IN THK ALLUVIAL PLAIN OF THE SAVA,

SELO, CROATIA.

(Photographed by the Author.)



CHAPTER VI

DEAD VOLCANOES

OUR course now lies through central France, for we are

bound on a perfectly new errand; and the first landscape
that we will consider is the view from Thiers, in the Depart-
ment of the Puy de Dome.

We arrive at the town from the east through a little

granite ravine, where the road and the railway wind along
the cliffs, the latter disappearing and reappearing among
the rocks in true mountain-fashion. Then suddenly we are

close to the roof-tops of the houses, which are piled on the

steep descent to the valleys of the Dore and Allier.

Over against us, five-and-twenty miles away, rises the

long granite plateau beyond Clermont-Ferrand
;
and upon

this is set the range of hills that we have come thus far to

see. The steep
- sided round -

topped mass, conspicuously

higher than the rest, is the famous Puy de Dome, 1463
metres (4800 feet) above the sea. North and south of it

a number of hummocky isolated hills form a broken band
on the horizon. The great plateau is about 3000 feet above

the sea, and many of the summits rise for another 1000
feet above it.

This distant range is the "Chain of the Puys," or the

"Monts Dome," which have given such geological interest

to the old province of Auvergne. The name puy is locally

applied to any elevated mass short of a true mountain-peak.
Even at this distance, the double character of the opposite
wall of the valley can be discerned the ancient plateau,

part of the very core of France, and the row of puys
placed disconnectedly upon it.

We descend into the wide valley, cross the Dore at the

foot of the terraced streets of Thiers, and the Allier also

under the cliff of Pont du Chateau. The roads are now
made of the black rock known as basalt, masses of which
we shall soon meet with on our way up to the granite

148
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plateau. Two miles on this side of Clermont, we pass an odd

flat-topped little cone, quite different from the other surface-

features of the valley, and resembling the puys that now
draw near above us. 1

To understand a country such as this, it is well to make
a preliminary survey from a height. We shall do well to

leave the fine mass of the Puy de Dome till later, and to go
up the winding road to one of the northern hills, the Puy
de Pariou. The roadside-cuttings show us compact dark

rocks, some of which have little hollows like bubbles in

them. Occasionally we see the pale brown granite, which
forms the foundation for the hills.

We are now on the bleak and open plateau, with the

enormous valley again below us, stretching northward to

join the Loire. The ground is covered with heather and

dry peaty soil, and beech-woods cluster thickly round the

bases of many of the hills. Short wind-swept grass clothes

the Pariou, and climbs the steep slopes towards the Puy
de Dome

;
and loose patches appear on most of these hills,

where the rock seems too crumbling to allow the vegetation
to lay hold.

The beautiful curving outline of the Puy de Pariou

attracts us even at a distance. The slopes lead up to a

wide crest, which sinks again slightly in the middle
;
and

on the north an outer rampart, like an artificial earthwork,
follows the curve of the hillside. A very little inspection
will show us that the whole hill is circular in plan, and that

its summit-ridge forms a complete ring.
It is a fairly steep climb after all, for the angle of

the slope on the west is as much as 2/ ,

2 and slips of the

loose material seem common. We will examine the porous
substance of the mountain later, when we have grasped
the general structure. Above one of its broad bare regions,
the crest is a little higher than elsewhere, rising some 750
feet above the plateau ;

when we reach it, we find ourselves

on the edge of a great circular depression ;
the ground, in

fact, falls inwards towards the centre of the hill at a

1 For a detailed description of this region, see G. P. Scrope,
" The Geology

and Extinct Volcanos of Central France," 2nd edit., 1858, and sections x.

(M. Boule), and xiv. (M. Levy),
"
Livret-guide des excursions en France,"

Smc. congres gtol. international (1900). Also Bouney, Proc. Geol. Assoc.,
vol. xvii. (1901), p. 191, and Ibid., pp. 269-332.

2 Measured from a photograph by Mr. G. W. Butler, F.G.S.
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still steeper angle than it does towards the outer plateau

(Plate V).
This is altogether unreasonable, and contrary to the

custom of ordinary hills. The cup-shaped hollow before

us is 300 feet (93 metres) deep, and about three times as

much across
;
and its rim is often only five feet wide, and

in places is almost sharp, requiring careful walking as we
trace out its circumference, a stroll of more than half-a-

mile. From this crest of vantage we look over other lesser

puys, and perceive how this circular basin-shaped form is

really typical of the district. The Puy des Goules, in

particular, quite near us, has a perfect ring-shaped summit,
broken only by a little clump of bushes on one side.

Beyond the Puy des Goules is a round-topped pudding-
like mass, which we must investigate separately. To its

left is a stretch of woodland, and then the Puy de Chau-
mont rises, with the same fascinating outline, its flanks

slightly concave, as is so common in this group of hills.

On its left is the steep Puy Chopine, a craggy mass
defended by a rampart, like the half of a broad ring,
the outer sides of which are seamed with water-courses

formed in times of rain. In the far north other ring-shaped
mountains rise, and then the plateau drops on that side

also into the plain. On our left is the fine cone of the

Puy de Come, higher than the point on which we stand
;

and a rough broken country descends from it, largely
covered with wood, to the western valley of Pontgibaud.

If we now examine the materials that build up the Puy
de Pariou, we may gain some clue as to the mode of origin
of this extraordinary group of hills. The loose bare portion
of the slope is made of little stones full of bubbles, light
and cindery, of various shades of grey, all heaped together
to build the ring-like ridge. Were we to probe elsewhere

into the grassy sides, we should find this same slaggy
sort of material

;
its very looseness, causing the rain to soak

into the mass so easily, is said to account for the slight hold

that denudation has upon the mountain.

One of the best spots for seeing how the puys are often

perfectly fragmental, beneath their covering of grass or

trees, is the hollow in the Petit Puy de Dome to south of

us. Here we have cindery masses of all sizes, purple-grey
and purple-brown ;

and some of the larger ones are spherical,



g t
s t

Ni
35

W
Q |

"

P
PH

W 8





DEAD VOLCANOES 151

with a compacter crust and an interior more full of bubbles.

The exposed slope is here so loose that it is very difficult

to ascend.

Surely all that we have read about volcanoes will come

vividly before us here. A volcano is a place where molten

rock, called lava, issues from the ground. Explosions occur,

and "cinders" and "ashes" are scattered freely round the

vent. Occasionally the lava itself flows out as a slowly

moving stream, invading the lower slopes of the country.
The outbreak or eruption commonly occurs from the summit
of a mountain, the opening whence the cinders and lava

issue being funnel-shaped and styled the crater.

The study of volcanoes was not undertaken in detail until

nearly the close of the last century ;
and the relations be-

tween the eruptions and the volcanic mountain were at first

only dimly realised. There was a natural idea, which is

still very common among popular writers and journalists,
that flames and smoke were the prominent features of an

eruption. As a matter of fact, such flames as occasionally
occur result from the ignition of gases in the crater

; they
are pale, and are invisible at any distance. Smoke, such

as occurs during the burning of compounds of carbon, is

entirely absent. The white-hot melted rock, thrown up
into the air, resembles at night a column of fire

;
while fine

dust is produced, together with dense clouds of steam, the

latter being emitted at every throb of the eruption ;
the

mingled matter, floating above the volcano, naturally re-

sembles smoke. An enthusiastic student, indeed, once stated

in an examination-paper that " a volcano consists of flames

of smoke," which was going even farther into reckless error

than the ordinary writer in the newspapers.

Perhaps the most surprising fact is that the steam is the

motive-power of the eruption. Water permeates all rocks

down to great depths in the earth's crust. Now it is per-

fectly certain that the interior of the earth is hot, though
we are not prepared to say how far any part of it is actually
molten. Miners, and engineers engaged in tunneling, fre-

quently suffer from the rise in temperature, which careful

experiments show us amounts to i F. for every 50 or 60
feet of descent, or i C. for every 100 feet or thereabouts.

We do not know from these experiments, made as they are

in one mile out of the four thousand between us and the



152 OPEN-AIR STUDIES

centre of the earth, whether this rate of increase of tem-

perature is constant
;
but it is clear that very high tempera-

tures do occur within a short distance of the surface. Quartz
melts at 1430 C.,

1 which might be reached in twenty-eight
miles

;
while a large number of rock-forming silicates could

be melted at a considerably less depth. Dr. Joly shows us,

indeed, that "a preponderating number of mineral bodies

possess melting-points ranging within the comparatively
narrow limits of 900 C. to 1500 C."

But probably the great pressures brought to bear upon
minerals at such a depthwould raise their melting points, affect-

ing different minerals in different degrees. Certain portions
of the crust, however, such as the lines of junction of continents

and oceans, are in a state of movement and unrest, whereby
pressure is increased at some points and relieved at others.

Any important relief from pressure, such as would be afforded

by the lifting of the outer layers of the crust to form a

shallow dome, will allow some of the highly heated rocks

below to pass into the liquid state.

Now, water has already permeated these rocks, but has

similarly been subjected to pressure, whereby it has been

prevented from expanding into steam. When any relief

from this high pressure occurs, the presence of water assists

in rendering the rock fluid
;
and the water, moreover, begins

to expand on its own account and to bear the whole mass up
into any fissure that may be at hand. Should any portion
of such a fissure reach the surface, the molten rock is rapidly
lifted to the outer air, the water now expanding into steam.

The vapour thus produced may escape with explosive violence,

blowing the lava into fragments and sending them spinning
hundreds of feet into the air. Such flecks of melted rock,
fluid at the moment of their ejection, become spherical or

elongated as they move swiftly upwards ;
a compact and

often glassy crust forms on their outer surface, and the steam
still imprisoned by this rapid consolidation renders them full

of vesicles within. Such masses, perhaps two, ten, or twenty
feet in diameter, are called volcanic bombs.

More often, the melted rock, the lava, rises in the vent

provided for it, and its upper surface cools and becomes

1 Proc. Roy. Irish Acad., 3rd sen, vol. ii. p. 39. Dr. Joly has since shown
that prolonged heating may allow a mineral to become plastic at a tempera-
ture below its ordinary melting point.
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solid, although remaining still red-hot. The product is like

a scum, which heaves, and sways, and becomes broken up, on

the surface of the liquid mass below. It is full of cavities

where the steam has blown its way out of the viscid material,

or has raised it into bubbles while struggling to escape ;
and

every now and then this crust of solid lava becomes blown

suddenly into the air by the steam which has been imprisoned
below it in the vent. Thus red-hot stones come flying out,

accompanied by a great burst of steam
;

these stones fall

around the mouth of the volcano, and are called scoriae,

from an Italian word meaning a frothy scum. When cold,

they may be picked up, and are seen to be irregularly shaped
and full of bubbles

;
and hence any vesicular rock is said to

be scoriaceous. The scoriae seldom reach us in exactly the

form in which they were blown off from the lava-crust;

they come out in such abundance that they strike against
one another in the air, producing a strong hurtling sound,
and thus they become broken into smaller and smaller frag-
ments. The somewhat coarse deposits formed of scoriae,

usually with finer matter acting as a groundwork and as a

cement, are known as tuffs, a word coined from the Italian

tufa or tufo.

Pumice, which is so widely used for cleaning purposes,
is merely a refined and glassy type of scoria. The molten
rock has been expanded by a vast number of steam-vesicles,
which have become drawn out into almost tubular forms by
the flow of the mass, as it rises and falls in the volcano and

during its final ejection. If a piece of pumice is melted

again, it shrinks into a black mass like bottle-glass. The
white colour of pumice is merely due to the immense propor-
tion of air-spaces that it contains

; light cannot pass through
it, but becomes reflected again and again ;

and the fibrous

character of the mass gives it the lustre of spun silk. Pro-
fessor James Dana found that some particles of pumice from
the Sandwich Islands consisted of I per cent, by volume of

glass and 99 per cent, of air-space. A freshly broken
surface of pumice, examined with a lens, is an object of

great delicacy and beauty.
If two pieces of pumice, however small, are held one in

each hand and are rubbed together, a very fine dust arises,

which consists of tiny broken shreds of glass. This corre-

sponds to the finer varieties of the material known as volcanic
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dust or volcanic ash, which, is produced by the friction of

pumice fragments as they strike one another in the air. In
all violent eruptions, this most delicate and glassy ash forms
a large part of the heavy mammillated cloud that drifts

away before the high currents of the atmosphere. A sifting

process goes on, the bombs and coarser scoriaB falling close

around the vent, and many of them dropping back into

it
;
the finer scoriae lie somewhat farther away ;

while the

minutely divided ash is carried by the winds to immense dis-

tances before it settles. The dust of Krakatoa, in the Straits

of Sunda, erupted by the great explosion of August 26th,

1883, travelled thus at least twice round the globe at a rate

of seventy-six miles an hour. From their effects in producing
a halo of a particular angular diameter round the sun, the

particles of volcanic matter were calculated in this instance

to be from .003 down to .001 millimetre in diameter. 1

The illustration here selected (fig. Il) is reduced from
one of the beautiful photographic plates accompanying Dr.

Johnston-Lavis's work on "The South Italian Volcanoes." 2

An explosion has just occurred in the crater of Vulcano,
one of the Lipari Islands, and the dense cloud of steam
and dust, at first rushing vertically upwards, is now being
carried along almost horizontally in the air. The last great

eruption in this island occurred on August 3rd, 1888, when,

among other striking manifestations, a block of lava thirty
feet in diameter was thrown three-quarters of a mile from
the crater, penetrating the volcanic soil to a depth of

ten or eleven feet. Prior to January 26th, 1886, chemical

works existed in the crater
;

the gaseous products rising

through the fissures condense and even interact on one

another, so as to cause a deposition of various salts of com-
mercial value, which were collected at their point of origin.
But on the date named these adventurous works were blown
into the air, and the volcano has since been fairly active.

In March 1890, for instance, it broke the windows of houses

in Lipari by casting stones against them across a distance

of four and a half miles.3

1 See Nature, vol. xxxiii (1886), p. 483 ; review of work by Dr. Riggen-
bach.

2 Published by F. Furchheim, Naples.
8 L. W. Fulcher, "Vulcano and Stromboli," Oeol. Mag., 1890, p. 347;

and Johnston-Lavis, Nature, vol. xlii, p. 78.
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So much for the explosive stage of volcanic eruptions.
But we all know that lava is often caused to well up com-

paratively gently, to fill the crater, and finally to flow over

as a lava-Stream. Or it may burst out at some fissure

opened in the lower part or in the flank of a volcanic mountain,
and may thence run slowly but irresistibly down into the

hollows of the country. Stream-cuts may in this way be

FIG. ii. THE ISLAND OF VULCANO IN ERUPTION, February 14, 1889, 4.15 P.M.

(Photographed ~by Professor 0. Silvestri.)

filled up and obliterated, while cultivated lands are often

rendered useless, until denudation and decomposition have
formed a new soil from the surface of the consolidated flow.

Such lava-streams give off steam and other gases while

they are moving, and clearly it is the imprisoned water that

has raised them to the mouth of the volcano and has forced

them out steadily in an oozy flow. Earth-pressures in the

slowly moving crust may also urge on the viscid mass when
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once an orifice has been found. Professor Judd 1
regards

the quantity of water present as of great importance in

determining whether violent shattering action takes place,

giving rise to volcanic dust, or whether, when it is in smaller

amount, quieter upward propulsion occurs, such as gives rise

to lava-streams. 1 In either case the products, having once
been molten in the earth, are spoken of as igneous rocks.

The temperature of lava-streams may reach 1200 C. or

more
;
but the mass is usually stiff and pasty in its flow.

In the crater of Kilauea, in Hawaii, there is a lava-lake of

exceptional liquidity, a condition probably due to very high

temperature. The proportion of water does not seem to be

concerned in this case, as very little steam is given off from
these Sandwich Island lavas. This lava-lake was recently

2

2500 feet or so across, and the movements of its surface

have again and again been compared to those of water. In

an article in the Hawaiian Gazette of July 24th, 1894, there

is a remarkable account of the changes accompanying a fall

in the level of the lava.
" From about noon until eight in

the evening," says the writer, "there was scarcely a moment
when the crash of the falling banks was not going on. As
the level of the lake sank, the greater and greater height
of the banks caused a constantly increasing commotion in

the lake as the banks struck the surface of the molten lava

in their fall. A number of times a section of the bank
from 200 to 500 feet long, 150 to 200 feet high, and 20 to

30 feet thick, would split off from the adjoining rocks, and

with a tremendous roar, amid a blinding cloud of steam and

dust, fall with an appalling down-plunge into the boiling

lake, causing threat waves to dash into the air, and a mighty
'

ground swell
'

to sweep across the lake, dashing against
the opposite cliffs like storm-waves upon a lee shore."

Some of the masses which thus fell in from the sides floated

on the liquid la\a, being probably scoriaceous, and thus

distinctly lighter, despite their solid state. One huge block

is described as "
plunging out of sight beneath the lava.

Within a few moments, however, a portion of it, approxi-

mately 30 feet in diameter, rose to an elevation of from 5

to 10 feet above the surface of the lake, the molten lava

streaming from its surface, quickly cooling, and looking like

1 Krakatoa Rep. Roy. Soc. Committee, p. 46.
2 See Mature, vol. 1 (1894), p. 483.
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a great rose-colonred robe, changing to black." Many of us

will be acquainted with various popular accounts of the jets
of lava thrown up from this extraordinary lake, which re-

semble fountains, and which are scattered by the wind into

showers of tiny globes and threads of glass.

In ordinary volcanoes the lava is, as we have said, far

more viscid than at Kilauea. But its rise and fall within

the crater may similarly eat away the crumbling banks, and
at last a breach may be effected, the wall of the mountain

may give way, and the lava-stream may thus begin to flow.

There seems no reason, from what we have already said,

why volcanoes should break out upon the summits of hills.

Indeed, numerous cases are known where the base of the

volcanic mountain has been the seat of explosive operations.
But conical masses, with a crater at the top, are certainly

typical of volcanic action
;
and they are, in fact, built up by

the products of that action.

The bombs and scoria?, which fall around the vent do so in

a fairly regular ring. On the inner side this heaped-up and

increasing ridge slopes inward towards the vent, and newly
added fragments are constantly slipping down and are

ejected a second time, or are melted up in the central lava-

column. On the outer side there is also a slope, somewhat
more gentle, steep at the upper part, and then descending
in a long and usually concave curve to the ground through
which the volcano broke. These sweeping concave slopes
are among the most beautiful forms to be found in any
landscape. The rain spreads the finer ash at the base of

the pile still farther from the centre, while the steeper upper
rim is constructed of coarse scoriae. The rougher and the
coarser these materials are, the steeper will be the slope, up
to perhaps as much as 40. Irregular heaps of still greater

angle may be locally formed, by materials falling on one
another in a state of partial fusion. 1

This ridge of double slope, encircling the centre of erup-
tion, is the simplest type of volcanic mountain. From a
low ring it developes into a lofty cone, on which vegetation
begins to climb. The scoriae suffer from atmospheric attack,
and soils are formed for grass and even for trees, which cling
to the somewhat treacherous slope. In some places lava-
cones are formed, far less steep in outline, by the continual

1 See J. W. Judd, "Volcanoes," p. 153.
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overflow of the molten rock, now on one side, now upon
another. In the case of the recent overflow of the lava-lake

in the crater-floor of Kilauea, the material washed across the

rim on all sides and rapidly made raised banks around the

lava-basin. When the lava sank again, as above described,
it was these banks that gave way with such magnificent and

spectacular effect.

Ordinarily, the crater-ring, the growing volcanic moun-

tain, will be formed by a variety of actions, and lava-flows

will roll across the ashes here and there, compressing and con-

solidating them, to be in turn covered by loose scoriae. The

prevalent winds may cause a heaping up of the fragmental
materials on one side rather than on the other, and the crater-

edge will become irregularly raised. The whole mass will

form a volcanic cone
;
the mountain is, in fact, the result of

the volcano, though it is in no way necessary to its origin.
The accumulated mass is, in the end, an obstacle to con-

tinued activity. It may become so vast that the steam-

pressure or earth-pressures below can no longer force the

lava to the summit of the elongating pipe. Consequently
outbreaks may occur upon the flanks; the cone may be

cracked by the final explosion of long-imprisoned gases ;
and

sheets of lava may be forced into the fissures, consolidating
there in wall-like masses and helping again to strengthen the

whole mountain.

These sheets (fig. 1 3), crossing the bedding of the rocks

on which the volcano has been piled, and also that of the

ashes and the lavas of the cone, are called dykes, from the

fact that they weather out, after the volcanic action has died

away, as approximately vertical wall-like masses. They give
off little ramifying sheets and threads into the surrounding
rocks, and these less regular offshoots are known as volcanic

veins. Often the lava finds its way along the stratification-

planes of the previously formed rocks
;
we know how easy

it is to slip even a thin and yielding sheet of cartridge-paper
into its place amid a pile of others which it seems quite diffi-

cult to lift. Earth-movements may assist this intrusive pro-
cess, by slightly arching the strata away from one another

;

and the lava may flow on underground for miles along the

plane of weakness. Such masses are called intrusive sheets
;

they are, as it were, dykes which do not cross the bedding ;

and sooner or later, as we trace them out along a denuded
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surface, we shall find them behaving as true dykes, either

where they have split into two or more sheets, or where they

join np with the main line of fissure leading to the lower

regions.
Where the molten rock of a dyke reaches the surface, its

included water will rapidly throw up a series of lava-cones

or ash-cones, which are thus arranged along the line of

fissure. Or the lava may break out at one point of weak-
ness only, and single subordinate cones will thus arise on
the flanks of the greater volcanic mountain.

A good example of the linear arrangement of cones

FIQ. 12. SMALL CONES THROWN UP ON ETNA, ERUPTION OF 1892.

(From a photograph. )

occurred on Etna in 1892, where four craters were con-

structed along a fissure which had already opened actively in

1886 and I883
1

(fig. 12). These new hills have been named
the Monti Silvestri. Monte Gemmellaro, erected also on the
flank of Etna, and 1 500 metres above the sea, was formed as

a bold detached cone in 1 886. Sixty-six million cubic metres
of scoriao are calculated to have been piled around its vent,

forming a new hill 140 m. (459 feet) in height; and the
whole of this was built up by the explosions of twelve

1 G. Platania, in Nature, vol. xlvi (1892), p. 545.
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days, the mass thus growing in height about nineteen inches

in an hour.

Thus mountains may be visibly constructed on the surface

of the earth at a very rapid rate. Another well-known histo-

rical case is that of Monte Nuovo, on the Bay of Baias, near

Naples, a scoria-cone which was built in 1538 to a height of

440 feet in two days, the greater part of the work being done
in twenty-four hours. Izalco, in central America, began as

an opening in a plain in 1770, and the cone is now 3000 feet

in height.
From these simple cases it does not require any stretch of

imagination to see how huge complex volcanoes may be built

up. Could we cut such a one in half (fig. 1 3), we should find

the central pipe or neck, filled probably with a plug of con-

solidated lava
;
the beds of ash would slope upward from this

on either side, following the lines of the crater-wall, and
would then dip away from the neck in a somewhat gentler

slope, parallel to the outer surface of the mountain. Hard
ribs of lava, the dykes, would occur, crossing our section at

various angles, some coming from far below the base of the

volcano, others arising from the volcanic neck itself
;
while

many of these would be seen to have sent off intrusive sheets,

penetrating between the ash-beds of the cone. Lava-flows

would also occur, forming compact bands among the ashes,

and extending to various distances, according to their original

degree of fluidity. A number of minor or "
parasitic

"
cones,

of similar or simpler structure, would appear rising upon the

flanks of the main one and complicating its otherwise regular
outline.

The crater of a volcano is liable, as we have seen, to

breaching by the pressure of the lava within it; it is also

frequently enlarged by the violent and explosive phases of

volcanic action. The whole upper portion of the cone may
become blown away, perhaps in a few hours, and a wide

crater-ring will be left, the central hollow of which is due to

this vehement excavation. Subsequent milder action will

build up a new cone in the centre of this area
;

its sides will

in time unite with those of the older mountain
;
and thus the

former dignity of the mass will be restored.

Vesuvius itself is a comparatively recent cone raised in the

shattered crater of Monte Somma. At present every erup-
tion tends towards bringing the surface of Vesuvius nearer to
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the earlier crater-wall, until a handsome and uniform moun-
tain will again be constructed. A volcano may, however,

occasionally go too far, and may leave scarcely a wrack behind

to tell the long history of its laborious up-piling. Kra-
katoa had been already injured by violent explosions which

took place in prehistoric times, and showed traces of a crater

of excavation some three or four miles in diameter.1 It had

begun to fill up this hollow by the construction of several

new cones, one of which, on the edge of the crater, rose to

2623 feet above the sea. Between May 1680 and May 1883
the volcano seems to have been dormant

;
but the eruption of

ash in the latter year culminated in the terrific explosions of

N

Pia. i s> SECTION OF A VOLCANO.

B, the beds through which the eruptions have broken
; C, the crater

; L, a lava-

flow ; N, the main volcanic neck; p, a "parasitic" cone; S, the old land-

surface.

August 26th and 27th. On these days two-thirds of the

island of Krakatoa, and the whole smaller island of Polish

Hat, were blown into the air, 18 cubic kilometres of rock, or

4j cubic miles, being thus suddenly removed
;
and a hollow

descending 1000 feet below the sea was formed on the site

of land which a day or two before rose from 300 to 1400 feet

above it.

Those sensation-loving persons who are apt to charge
Nature with being far too slow in her operations will surely
find some comfort in a catastrophe of such startling magni-
tude. The rapid construction of volcanic mountains, on the

1 J. W. Judd, "Krakatoa Report, Roy. Soc. Committee," p. 7.

L
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other hand, explains those tales of old travellers and sea

captains about "islands that have risen from the sea." Vol-

canoes break out on the sea-floor as well as on the land
;

there being no true "burning" about them, no true com-

bustion, a supply of air is unnecessary for their activity.

Hence a cone may be built up towards the sea-level, and

may ultimately overtop it, forming a steaming volcanic

island. Often such loosely piled masses have been washed

away again by the waves, as was the case with Graham's

Isle, which was formed between Sicily and Pantelleria in

1831. This island appeared on June i8th and vanished on

December 28th, having at one time a well-formed and active

crater. It represented the summit of a cone at least 240
metres (787 feet) above the floor of the Mediterranean.

After being cut down by the sea, it manifested itself again
in 1863, after thirty-two years of quiescence, and rose to

about 70 metres above sea-level
;

but this attempt at

island-making was also unsuccessful. In October 1891
another submarine eruption occurred in this same restless

area, the floating bank of black scorige formed above the

eruptive centre being for a short time so dense as to be

mistaken for an island (fig. 14). The volcanic bombs that

rose freely to the surface burst there by the pressure of the

gases inside them, and some actually ran hissing over the

water, discharging steam. 1 The scoria-shoal broke up and
drifted away at the end of October

;
but it is clear that the

cone, which still lay far beneath it, may at any time resume
its growth.

A volcano is said to have undergone extinction when all

sign of activity, in the form of upwelling of lava in the neck,
has long ceased, and when it seems to have been given over

as a prey to denudation. But volcanoes may, as we have

seen, remain dormant for centuries
;
and extinction is never

abrupt, it is a very gradual process, broken at times by a

startling return of the energies that seemed steadily flagging.

Among the signs of waning activity, the prevalence of hot

springs may be noted. In an earlier condition, steam-jets,

looking at a distance like the cloud-columns of a true erup-
tion, may occur freely from any rift in the crater-floor

;
and

other gases, such as Hydrochloric acid, Sulphur dioxide, and

Sulphuretted hydrogen, rise in a highly heated state, the

1 G. W. Butler, Nature, vol. xlv, pp. 154 and 584.
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latter often decomposing as it burns and depositing sulphur
round the vent. These gases are given off during, as well

as after, the eruptive period, and rise, with the steam, from

the hot lava-flows themselves. But in time the temperature
is insufficient to maintain these steam-jets or fumeroles, and

hot springs take their place, the waters of which are charged
with salts in solution mostly carbonates and sulphates of

sodium, magnesium and iron and with gases, the chief

of which is carbon dioxide. It is this gas which gives so

bubbling and sparkling a character to the ordinary mineral

waters placed upon our tables. The dissolved salts, varying

FIG. 14. FLOATING SCORIA ABOVE THE SUBMARINE ERUPTION OFF

PANTELLERIA, October 1891.

in different localities, give a medicinal value to many springs,
and fashionable health-resorts are established on the scene

of ancient eruptions. Thus, close to the charming hollow of

Franzensbad, on the fringe of the Bohemian forests, near the

hotels and bath-houses and promenades, there is one of the

neatest and freshest little volcanic cones, the Kammerbiihl,
as a reminder of the origin of the springs. The form is not

well retained, but a large quarry has been dug into the hill,

providing a remarkable section of the layers of volcanic ash.

The scoriae are perfectly preserved, looking as if erupted
yesterday ;

and they lie scattered also in the soil around the

vent, which is now cultivated most peacefully. A bold row
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of fir-trees running np the back of the cone looks greatly
out of place. In the well-marked beds of scorias, there lie

numerous flakes, baked and reddened, of the old granitic
rocks which form the floor through which the eruption
broke.

To make things more complete, a dull grey lava-flow

runs down one flank of the Kammerbiihl, showing another

phase of the activity of the cone. The whole thing might
easily have been constructed by the explosions of any twenty-
four hours.

Some mineral springs of volcanic origin are by this time

fairly cold; but others have retained their heat in a most

interesting degree. Some, like the explosive Geysers, are

thrown up by outbursts of steam, occurring at regular in-

tervals. The water acts like the lava-scum in the vent of a

volcano, and the steam, forming and accumulating in the

hotter regions at the base of the pipe, finally overpowers it

and flings it in a foaming column into the air. A beautiful

little European geyser is to be seen in the source of the

Sprudel at Karlsbad, in west Bohemia, where the water is

thrown up to a height of ten or twelve feet some thirty
times a minute. Its temperature is 162 F., and it still forms
a delightful spectacle, although tamed and hemmed in by a

marble basin and an ornamental hall of iron columns.
In our own islands we still have the famous springs of

Bath, with a temperature of about 115 F. The salts in-

cluded in their water amount to 168 grains per gallon, or

as much as .204 per cent. 94 grains per gallon consist

of calcium sulphate; sodium sulphate furnishes 23 grains,
and magnesium and sodium chlorides each 15 grains per

gallon.
Thus we have very briefly glanced at the life-history of

volcanoes, such as are at present active on the earth. We
have marked their growth, the occasional accidents that

impair their symmetry, and the features of their period of

decay. We can now look at their products more in detail,

so as to be able to recognise them in regions from which
volcanic activity has for long ages happily disappeared.

All known lavas, whether in the form of fine ash, or

scoriae, or massive flows, are found by chemists to consist

of silicates. Some contain 75 per cent, of silica, others as

little as 35, the substances combined with this prevalent
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oxide being oxides of aluminium, potassium, sodium,

calcium, magnesium, and iron. We cannot say in what
relations these various bodies exist when the whole is one

molten mass within the volcano
; but, on cooling, crystals

of definite minerals begin to separate out. If cooled

rapidly, as on the walls of many dykes, or by contact with

the air, the lava forms a glass, varying between black bottle-

glass and the duller glass of iron-slags, such as one may
pick up near furnaces in the English Midlands. Yet this

glass is never free from tiny beginnings of crystallisation.
When sections of it are prepared for the microscope (p. 25),
minute imperfect groupings of crystalline particles are

seen, these embryonic crystals being called crystallites.

Most crystallites are rod-shaped,
and they become aggregated, in

the hurried process of develop-
ment from the glass, into more
or less regular tufts and bunches.

Sometimes they manage to take

up true crystallographic positions
with regard to one another, a

number building up what is

styled a skeleton-crystal. Very
often they cluster round some
central body and arrange them- FIG.

selves radially about it, so as to

form a little sphere, built up of

fibres all pointing inwards to-

wards the centre. Such bodies,
often 2 mm. to I cm. in diameter,
and sometimes even reaching i

metre, are known as spherulites, and are very characteristic

of glassy rocks. Where artificial glass has remained a long
time at the bottom of the tank in which it is being made,
and has been subject to various coolings and reheatings,

spherulites often develop, appearing as little white balls,

with radial structure, in the midst of the pale green or

black-green glass.
The dragging movements that go on while volcanic

glass is cooling set up a fluidal structure in the mass
;
the

material is still in motion, and the crystallites and spheru-
lites are carried along, often forming distinct bands. Part

15. MICROSCOPIC SEC-

TION OF VOLCANIC GLASS

(KHTOLITE - OBSIDIAN) PROM
THE YELLOWSTONE PARK,
UNITED STATES, x 12, show-

ing spherulitic, fluidal, and
banded structures.
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of the natural glass from a lava-stream in Lipari thus

consists of alternate layers of black glass and creamy white

closely set spherulitic matter. Such rocks are said to have
a banded structure.

The best known volcanic glass is Obsidian (fig. 15),
named after Obsidius, an antique Roman who is said to

have brought it from Asia Minor. The ingredients are

such as a professional glass -maker would employ (see

Analyses I. and II.), with the exception of some 14 per
cent, of alumina. When the proportion of silica in the

molten lava is less than 65 per cent., the chances of the

production of a glass are much reduced, crystallisation
then setting in more rapidly and the whole mass becoming
dull and stony. Occasionally glasses are formed, however,
out of difficult combinations of oxides, as is seen by the

third analysis given below. In this case very complete
fusion and rapid cooling seem to have worked together to

produce crusts of glass some 2 inches thick upon the

surface of the Hawaiian lavas. But the glassy mass dealt

with in the second analysis is from 100 to 160 feet thick,

with a few spherulites an inch across in places, and a

number of more typical small ones (see fig. 1
5).

ANALYSES OP ARTIFICIAL AND NATURAL GLASS.
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Almost all lavas contain a little glass, which has not had
time to become entirely converted into crystallites. But
as the mass cools more slowly, steadily parting with its

imprisoned water, crystallisation goes on, until the products
are visible to the naked eye ; well-developed crystals are
thus formed, instead of mere tufts and spherical groups
of crystallites. In microscopic sections, these crystals of

various silicates are seen fitting into one another, those
of the last-formed minerals often enclosing the earlier ones

(fig.
1 6), while here and there a little glass, dusty with

crystallites, remains between
the mesh of crystals.

The larger crystals often

seen in lavas, and even en-

tangled in the silky fibres of

pumice, are styled porphyritic,
since the rocks known to the

ancients as "
porphyries

"
are

thus stuck full of crystals
which are more conspicuous
than those of the compact
groundwork of the rock.

Porphyritic crystals are seen, FlG> ^.MICROSCOPIC SECTION OP

on minute examination, to be

cracked and broken, and are

often eaten into by the glassy
matter of the lava. In sections

they even look like lumps of

sugar that have just begun
to dissolve. Such crystals,
often the most attractive objects in the rock, cannot have

developed during the consolidation of the lava as we
now know it, but have been formed in an earlier stage
of consolidation and crystallisation underground, where the

greater pressure, slower cooling, and perhaps the presence
of water, allowed of their production on a handsomer and

coarser scale. Then, by relief from pressure, or by further

heating, or by the introduction of additional water, which

assisted the mass to become more fluid, the lava ceased

for a time to consolidate, moved forward, and floated the

crystals already formed up with it to the surface. Some were
no doubt completely redissolved

;
and those that remained

LAVA (BASALT), FKOM TOBERMORY,

MULL, x 25, showing augite (a) en-

closing plagioclase (p) and olivine

(ol). A part of the glassy ground-

work, full of minute dust-like crys-

talline particles, appears on the

right.
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show, as we have said, signs of having been vigorously
attacked.

Porphyritic crystals are often, however, the relics of

other rock-masses which have been picked up and partly
melted by the lava on its way, certain mineral constituents

alone remaining. Thus some lavas have become studded
with quartz-grains derived from beds of sandstone through
which they have been erupted.

In the lavas fairly rich in silica, the following minerals

may separate out on cooling from the mixed ingredients of

the molten mass: Quartz, Orthoclase, Albite, Oligoclase,

Biotite, Hornblende, Augite (commonly a variety rich in

soda). In those rocks poorer in silica, we have typically

Labradorite, Anorthite, Biotite, Hornblende, Rhombic and
Monoclinic Pyroxene, Olivine, Magnetite. In the ordinary
lava of Vesuvius, Leucite in part takes the place of the fel-

spars which so commonly prevail in other lavas. Leucite

contains the constituents of orthoclase, but the proportion
of silica in it is far less.

Thus lavas, when crystallisation has set in, are seen to

consist of mineral silicates, with one or two common repre-
sentatives of the oxides, such as quartz and magnetite.
Carbonates, sulphates, sulphides, chlorides, could not well

exist at such high temperatures on the earth's surface
; and,

as we have seen, the more volatile constituents of the crust

come out as gases during volcanic eruptions, and continue

to do so long after the lava itself has sunk into the condition

of a cold and solid rock.

There are four broad types of lava that are most com-

monly met with :

I. Rhyolite. The chemical composition of this rock is

well shown by the analysis of obsidian, a glassy form of it,

given above. Its name, meaning
"
flow-stone," refers to

the frequency with which flow-structure and banding are

observable in it (fig. 15). It is usually a pale yellowish
white or pink rock, being poor in iron

;
and its composition

causes glassy forms to be common, which are distinguished

by their superior transparency in thin splinters and by their

low specific gravity from glasses with a less amount of silica.

In its "stony" form, when the groundwork is a crowded
mass of crystallites, rhyolite has a specific gravity of 2.5 ;

in its most glassy form, the obsidian- type, it is as low as 2.3.
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The crystals most likely to develope distinctly in rhyolite
are Quartz, Orthoclase, Biotite, and sometimes Pyroxene
rich in soda.

2. Trachyte. In this lava only some 60 to 65 per cent,

of silica is present, but potash is still an important consti-

tuent. The name refers to the "rough
"

(rpa%y<;) texture of

the rock, in distinction to the compactness of most basalts.

The colour is usually white or grey ;
its glassy forms re-

semble those of rhyolite, but are of higher specific gravity,
the obsidian-type being about 2.4. The "stony" type of

the rock gives about 2.55. The groundwork is most often

formed of a mesh of minute crystals of orthoclase, with

soda-pyroxene, hornblende, or mica
; larger crystals of ortho-

clase, transparent and glassy-looking in modern examples,
are scattered abundantly through this ground.

3. Andesite. In these rocks the silica may amount to

even 70 per cent., but is sometimes as low as 55 ;
soda

always predominates over potash, and lime is prominent
in those varieties containing little silica. The essential

difference from the rhyolites and trachytes is that in the

andesites plagioclastic (triclinic) felspars crystallise out in

place of orthoclase. The name refers to the abundance of

this type of lava in the Andes Mountains. At one end of

the great Andesite series we have light-coloured and even

glassy lavas, like trachytes in appearance; in these the

silicates of magnesium and iron are not abundant, and albite

and oligoclase felspars, and even quartz, may crystallise out.

At the other end of the series we have dark grey and black

rocks, resembling basalts
;
the glassy types among these are

rare, and almost dull, crystallisation setting in so easily during

cooling. These andesites, with some 58 per cent, of silica,

contain lime, magnesia, and iron oxides, in greater abundance
than is the case with the trachytic type ;

and consequently
black augite and rhombic pyroxenes often crystallise out,

while the iron oxides that are uncombined with silica form

magnetite. The felspars, whether forming a mesh in the

compact ground or developed porphyritically (p. 167), are

likely to be labradorite rather than oligoclase. The specific

gravity of andesites, when fairly crystalline, rises from

2.65 in the types rich in silica to 2.9 in those allied to

basalt.

4. Basalt. The Andesites and the Basalts are probably
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by far the commonest lavas on the face of the globe. The

percentage of silica in basalt runs from about 40 to 55; iron

oxides and magnesia and lime may now make up one-third
of the rock's weight, or 33 per cent., while in the rhyolites

they often are below 4 per cent. Glassy types are very rare
;

an analysis, No. III., has been given on p. 166, which will

serve to show the composition of basalts in general. The
name Basalt is an ancient one, and is claimed by Pliny as of

Egyptian origin.
The groundwork of the rock is dark grey or black, typi-

cally compact, and breaking almost like flint in the most

finely grained varieties. There is a minutely sparkling effect

over any freshly broken surface, which is produced by the

glancing of the little crystals, so abundantly formed through-
out the ground. Olivine may occur in porphyritic crystals,
and the presence of this mineral furnishes, as Professor Judd

urges, the best distinguishing feature between typical basalts

and the andesites poor in silica. But often the olivine may
be decomposed, or may be visible only on microscopic exa-

mination (fig. 1 6). Labradorite and anorthite felspars are

common as porphyritic constituents, and one of these always
forms a great part of the groundwork, together with little

granular augites. Sometimes, as shown in fig. 1 6, the augite
forms round and encloses the tiny rods of felspar. Magnetite
separates out freely. The large amount of iron present
causes surfaces of the rock to decompose on weathering with

a marked rusty brown colour
;
while the silicates of iron and

magnesia alter to serpentine and chlorite, and colour the

interior of the mass a dull and variable green. Thus basalts

often become quite soft and friable through the easy decom-

position of their constituents. The specific gravity of typical
fresh basalt is close on 2.9.

To sum up, we may classify our lavas thus in a

table :
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line material will be found, after consolidation, towards the
interior of the stream.

Another striking character is the columnar jointing of

lavas. The rock becomes reduced in volume by contraction

on cooling, and also by the loss of its water in the form of

steam. A fairly regular series of joints is consequently set

up in it, and the most common result is that the rock splits
into a number of six-sided columns. Similar columnar joint-

ing can be seen where clay has been dried by the sun upon
a beach, and also in the starch used for domestic purposes.

Clearly the structure is due to mere contraction, and not to

any process of crystallisation.

Now, the upper layers, cooling from the highest down-

wards, exposed as they are to variable air-currents, and giving
off gases somewhat rapidly, split into a large number of less

regular and smaller columns, lying in many different direc-

tions
;
or they may merely settle down finally as a compact

and somewhat scoriaceous mass. But the bottom layers,

cooling from the lowest upwards, take far more time over the

operation ;
and columns more than a foot across may arise by

the process of "
starring" against the colder ground-surface,

and may spread upwards, as the whole mass cools, into or

beyond the centre of the lava-stream. The outcome of these

two modes of cooling, meeting in the interior of the mass, is

that a large lava-flow is divided into a compact or only feebly
columnar upper portion, and a handsomely columnar lower

portion, any natural sections that may be formed showing us

this striking contrast of the two layers. The columns start-

ing from the ground are perpendicular to that fixed surface

of cooling, and have all the appearance of well-trimmed

masonry. Cross-joints, curved upwards or downwards, divide

these columns into blocks resembling the " drums "
of ancient

pillars. It is no wonder that primitive peoples saw in such

a regular structure in the solid rock the work of giants who
built causeways in this lordly fashion. Later observers may
also be excused for regarding the columns as some form of

gigantic crystal.
At the island of Staffa, the sea has quarried away the

easily detached lower columns of a lava-flow, and has ex-

cavated caves, the compacter upper layer holding itself

together and serving as a roof. At a distance one can

hardly believe that rocks of such distinct structure are







DEAD VOLCANOES

merely the regularly and the irregularly cooled portions of

the same flow. At the Giant's Causeway, on the north coast

of County Antrim, the rougher surface of a fine flow has

been removed by weathering, and the ends of the columns

of the lower part form a seaward-stretching terrace of

wonderfully regular structure. When we look down upon
them (Plate VI), they seem to form a tessellated pavement,
the curving cross-joints sometimes appearing as flattened

domes, sometimes as shallow cups in which rain-water and

sea-spray collect.

Any fair-sized dyke will similarly show columnar struc-

ture due to its contraction (Plate VII). But in this case

the two surfaces, if in contact with the same kind of rock,

are under the same conditions of cooling. Often we
have a selvage of glass on each side, perhaps a mere film

only discoverable by careful search; this outer portion is

broken by a large number of small closely set joints, and
is usually friable in consequence. Then comes a region of

partial crystallisation, the rock being flinty and compact,
with columns developed perpendicular to the surfaces of

cooling. The central region is often completely crystalline,
the columnar structure there being coarser.

The columns in dykes thus start independently from

opposite sides and meet along a central plane, which con-

sequently becomes a source of weakness in the mass.

Weathering action attacks this plane, and sometimes the

dyke becomes decomposed from its core outwards, leaving
a gully to mark its former position, instead of standing out

like a solid wall. Intrusive sheets possess similar char-

acters, only here the columns are formed perpendicular to

the planes of bedding.
Another form of contraction which is very common in

lavas and intrusive masses is the tendency to produce
spheroids, which often lie one within the other. In its

common and coarse variety, this spheroidal Structure gives
us a number of pillow-like masses, fitting into one another,
like so many loosely packed sacks of grain heaped casually

together. In its more perfect form, the rock has contracted

in a series of concentric shells, which are often emphasised

by the brown stains produced through the infiltration of

rain-water. The resulting globes can be pulled out of the

mass and easily broken up into concentric fragments with
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the hammer. Many basalts show this structure upon
weathering ;

and in the island of Ponza, west of Naples,
a greenish columnar obsidian occurs, the columns sub-

dividing into globes 3 or 4 inches to 3 feet in diameter. 1

Well-marked spheroidal structure occurs commonly in

the interior of the columns produced by previous contrac-

tion
;
and the curved cross-joints already noticed at the

Giant's Causeway and elsewhere are a manifestation of the

same tendency. Perlitic structure is a minute spheroidal
structure occurring only in glassy rocks, often in great per-
fection. The rock becomes broken up by it into little

pearl-like masses, formed of concentric coats like those of

an onion, these globes being only about 2 mm. in diameter.

Dykes and intrusive sheets naturally bake and alter the

rocks on both sides of them
;

but lava-streams can only
affect the bed below them, and that merely in a slight

degree. This fact is at times of service in determining
whether some ancient volcanic mass is a flow or an intrusive

sheet. If the former, it is of the age of the deposits in

which it is found embedded
;

if the latter, it may be of any
age later than those deposits, and other evidence as to its

exact period of formation must be looked for. A maximum
age for an intrusive rock can often be arrived at by the

discovery of pebbles worn from it lying in some neighbour-

ing conglomerate. Clearly the rock was cold and denuded
before this conglomerate was laid down.

Now let us return to our high bleak plateau of Auvergne,
armed with these ideas as to the characters of modern
volcanic action. It was thus that MM. Guettard and
Malesherbes approached the problem a century and a half

ago ;
and there is little difficulty now in recognising the

Puy de Pariou as the scoria-cone of an extinct volcano. On
the north-west side, moreover, we have already noticed a

distinct semicircular rampart, and this represents an older

crater-ring on the ruins of which the Pariou has been thrown

up. Eastward from this earlier crater, there stretches a

rugged surface of grey rock, confused and broken, descend-

ing over the steep edge of the plateau towards Clermont.
This can be nothing else than a huge consolidated lava-flow,
which has breached the older cone.

1 G. P. Scrope, "Notice on the Geology of the Ponza Isles," Trans. Oeol
Soc. London, set. 2, vol. ii (1824), p. 205.
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We can follow out the course of this magnificent mass

of andesite, as it rolled at red-heat across the granite slopes ;

we can see where it struck on a knoll at La Baraque, still

looking, as Scrope says,
1 like

" a huge wave about to break

over the seemingly insignificant obstacle." Here it split

into two narrow flows, the velocity of which must have been

considerable, as they hurried down the valleys already cut

in the plateau-face. One of these tongues reached nearly
to the site of Chamalieres, the other to that of Nohanent, in

each case a course of about 8 kilometres from the shattered

cone of Pariou. Near Chamalieres the end of the flow rises

in a steep and rugged front
;
and beneath it are the remains

of a wood which it bore down upon and overwhelmed.
Several quarries in this lava-flow have revealed its inner

structure
;

its upper and lower portions are distinctly scori-

aceous, while the centre is only minutely so, and is, as we
should have expected, of compacter texture. The northern

branch, exposed in the Durtol quarries, is exceedingly com-

pact and altogether darker in its colour. 2

When we become accustomed to the features of this

highland of Auvergne, we shall easily pick out the lava-

flows with the eye, by their rugged surfaces of confused

grey blocks, their scoriaceous texture, and the fact that

they are often abandoned to a growth of wild underwood
and forest. The Puy de Louchadiere, one of those whose

tops we can just see beyond the Puy Chopine, will thus
well repay a visit. The huge scoria-cone, 1300 feet above
the plateau, is breached on the west by a flow of basalt, up
which a track now wanders into the crater. But the moun-
tain itself is piled upon earlier flows of andesite, which have
become somewhat smoothed down, but which may be traced

away into the hollow of Pontgibaud. Farther south, two

flows, each one and a half miles wide, form rugged and
tree-covered slopes descending from the Puy de Come

;
the

most northern branch of these, reaching Pontgibaud, has

been there cut into by the river, the columnar structure of

its basal layers being revealed.

The most delightful of breached cones are a pair lying
east of the quaint little hamlet of N^bouzat

;
and we must

1
"Geology and Extinct Volcanos of Central France," p. 63.

a For a minute description of these rocks, see Von Lasaulx,
" Etudes

pe"trograph. sur les roches volcaniques de I'Auvergne," 1875, translated from
the German by F. Gonnard, pp. 55-72.
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climb the Puy de Vichatel or some neighbouring height to

view them. The Puy de Lassolas and the Puy de la Vache
then appear as two bare pink-brown scoria-cones, broken

open completely on the south side, and giving out a flood of

lava (fig. 17). The puys beyond them are grass-covered,
with the denuded rock of the Puy de Dome rising palely in

the background ;
and these red and loosely piled masses in

front of us look as if they had been thrown up only a year
or two ago. But the lava-flows, uniting on the plateau, are

covered with characteristic woodland, in which the grey scori-

aceous blocks of basalt stand up like the dtbris of a landslip.
The course of the joint flow, with its offshoot to the left,

Fia. 17. THE PUY DE LASSOLAS AND THE PUY DE LA VACHE, FROM
THE PUY DE VICHATEL.

(From a sketch by the Author.)

where it struck against the puy on which we stand, is clearly
marked by the line dividing the wooded country from the

fields. The tumbled mass flows away to our right, where the

high road has been cut through it, and falls some 600 feet

into the valley of the Veyre (fig. 1 8). Here it has dammed

up the river and formed the Lake of Aydat, a good kilometre

in length, the water escaping round the foremost tongue
of the lava. Another lake, now drained, was formed in a

similar manner farther north. This is a good example of

how the face of a landscape may be changed by a lava-flow,

perhaps in the course of a few hours.

Beneath this basaltic stream, which itself is three and a



DEAD VOLCANOES 177

half miles (5j km.) long, an earlier one appears, running
down the narrow valley to St. Amand-Tallende, some five

miles farther to the east. The Veyre has partly cut its

channel in this flow, and at Ponteix wanders through its

Ash

,
Lassolaa

Scale of Kilometres

Fio. 18. GEOLOGICAL MAP, SHOWING LAVA-FLOWS DESCENDING FROM PUYS
IN AUVERGNE.

(From Sheet 166 of the Map of the Geological Survey of France.}

crevices
;
but finally it found the rock too hard for it, and

made its way along the northern edge, between the lava and
the soft sediments of the plain. It is thus that these rugged
masses are left standing out above the general level, and are

perpetuated as features of the landscape.
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Within the breached craters of the Puys de Lassolas and
de la Vache, the bedding-lines of the scoriae can be clearly
seen. These barren little cones, fresh and brown and sharply
rimmed, despite the great outpourings of lava, form the most
effective volcanic picture in the whole chain of the Monts
D6me.

If we return north to the exquisitely regular scoria-cone

of the Goules, we find that it is banked against a broad

pudding-like dome of trachyte known as the Grand Sarcouy,
a name believed to be derived from the fact that the Romans

quarried this pale rock for making sarcophagi, or stone coffins.

This mass is shown above the Goules in our illustration

(Plate V). The great Puy de Dome itself is probably another

but steeper mass of the same kind, and so also is the peak of

the Puy Chopine, which appears over its outer rampart on the

left of the Puy des Goules. These singular rocks were pro-

bably thrust up in an exceedingly pasty form, each through
its volcanic vent, and became consolidated in huge domes

upon the surface. The Sarcouy is certainly one of the

oddest hills that it will be our lot to see
; although scoria-

beds occur within it, the viscid trachyte has controlled

the form of the central mass now left to us. A more
extreme instance appears in the brown trachytic mound of

the Schlossberg, near Teplitz in Bohemia
;
the surface of this

hill is largely controlled by the flaking off of its concentric

coats, the fragments lying freely in the woods upon the lower

slopes. Professor Reyer,
1 who investigated the mass, con-

cluded that it also was a protruded dome, the successive coats

naturally arising, as the new material from below welled up
and stretched the older and still viscid layers which lay above.

Professor Reyer has successfully imitated the Schlossberg and

other domes by forcing up moist plaster-of-Paris through a

hole in a board.

Far more often, lava welling up, without being blown into

scoriae by the escaping steam, forms round the vent a true

and gently sloping lava-cone. An example of this is pro-

bably to be found in the Puy de Charade, south of Royat,
where a circular area of basalt, with handsome porphyritic

olivine, caps a granite knoll and flows away to the north-east.

No sign of an actual crater is now visible.

1 "Ueber die Tektonik der Vulcane von Bohmen," Jahrb. d. k. k. geol.

ReichsanstcUt, Band xxix. (1879), p. 464.
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The volcanic craters of the Monts Dome have been ex-

tinct, humanly speaking, for a long time
;
but man himself

was probably in the country when the later scoria-cones were

exploding in the height of their activity. The oldest vol-

canoes of the central plateau of France, those of the Cantal,
do not date back farther than the Upper Miocene epoch
(see p. 231); and at that time the ground on each side

of the granite platform had only recently been raised above

the sea. The volcanoes, in fact, were, as so often happens,
the natural accompaniments of movement in the crust of the

earth.

The recency of their extinction is shown by the abun-

dance of mineral springs which still flow out at the base of

the plateau, making Royat, La Bourboule, and Mont Dore
famous among health-resorts. Here and there the waters

have filled the craters, forming characteristic crater-lakes.

It is pleasant to stand upon the col under the Pic de Sancy
near Mont Dore, and to look over the rolling country
to the south, with its fold on fold of basalt hills. In this

high volcanic plateau lie several circular lake-basins, notably
Lake Pavin and Lake Chauvet near at hand. Both these are

encircled with crater-rings, and the loose shore of scoriae de-

scends with strange steepness into the calm and sheltered

water. Fir-trees have crept over the shallow rim of the

volcano, and have grown about the central lake. Everything
to-day thus speaks of quiet and extinction.

The earliest volcanic masses, those of Mont Dore and
the Cantal, though mainly Pliocene, have already been
cut deeply into by denudation. At the very gate of

Mont Dore, with the beautiful cones of the Monts Dome
still fresh in our memory, we pass the steep valley leading
down to Rochefort, and see disconnected relics of old lava-

flows left as mere patches on either side. The trachytic

crags of the Roche Sanadoire and the Tuiliere have been
carved out of two massive dykes ; they rise up like huge
gate-posts flanking the valley, and are most perfectly

columnar, the structure repeating itself in tiers at various

angles. White taluses stream down at their feet, and

proclaim the attack of weather on them. The walls of

the long combe of Mont Dore are marked with layers
of white trachytic tuff and dark little cliffs of andesite

;

the forms of the landscape no longer depend upon volcanic
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accumulation, but peaks and hollows are cat regardlessly

through the deposits, and a complex mountain-mass has

resulted, reminding one of central Wales.

Again, in the south, beyond the denuded volcano of Mont
Dore, the country is set with mere relics of the former flows,

such as the high crag of Apchon, one of the most beautifully
columnar basalts in the country. The peak of the Puy Mary
of Cantal (5861 feet) is carved out of both andesite and

trachyte ;
the scoria-cones have disappeared, and have left

merely bands of tuffs, which are visible along the crags
above the woodland. The crest of the mountain forms the

centre for a radiating series of aretes, each spreading out-

wards as the wall of some splendidly proportioned valley.
At sunset the level light streams in from the Bordeaux plain,
and fills all the western hollows with a golden haze

;
the

shadow of the Puy Mary climbs slowly across the valley of

Aurillac, and the highland-pastures, and the little huts of

the cheese-makers, die slowly away into the gloom. As the

silence spreads, we hear the noise of torrents more clearly
from the hollow far below

;
the valley is almost choked with

ddbris, through which the water is busily cutting a ravine.

Everywhere we have the grand air of a mountain given over

to denudation. In time it will be difficult to trace even the

worn-down centres from which these lavas of the Cantal

were erupted.
If in so short a space of geological time these volcanoes

of the Pliocene period have lost all their characteristic out-

lines, if the crater-rings have vanished and the lavas have
become dissected into fragments, it is scarcely surprising
that in our own islands we have nothing that we can point
to as a cone. We have volcanic relics in plenty, but the

atmosphere and the sea have long worked their will upon
them. Serious tourists, proud of their attainments, will

point out a small grassy hollow on the top of Staffa as the

crater whence the lava flowed, regardless of the fact that the

whole island is a mere remnant of a stream of basalt, resting

regularly upon a bed of ash. Similarly the cirques of our

higher mountains are annually pointed out as craters, particu-

larly on the front of Cader Idris. In that instance they
are, like the Cantal valleys, quite unconnected with the

original form of the volcano, while in a great number of

cases there is no erupted matter in the neighbourhood of





DYKE OF DOLERITE, TRAVERSING CHALK AND BASALTIC LAVAS,

QUARRY ON CAVE HILL, BELFAST.

The upper part is distinctly columnar. Talus at foot. The chalk shows bands of

flints along the bedding-planes.

PLATE VII.] [Photographed by Mr. R. WELCH.
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these cliff-set hollows. The task of tracing out the history
of one of our own volcanic areas is, however, always fasci-

nating ;
and the remarkable observations of Dr. Macculloch,

Professor Judd, and Sir A. Geikie, in the Western Isles of

Scotland have led a number of enthusiasts into the same
attractive field.

Without doubt, the most convenient region for the study
of our own volcanoes is the country around Belfast. The
cinder-cones have been swept away by denudation, but the

volcanic neckb and dykes remain. Everywhere the greater

heights of County Antrim are formed by plateaux of basaltic

lavas
;
and the contrasts of form and colour are as clear as

a diagram in a lecture-room.

The coast of this fine county is strange, but always
beautiful. Long slopes of red clays and sandstones lead

down in places to the sea
;
above them here and there blue-

black clays can be seen in the road-side sections
; higher

still, the ground rises steeply, and is quarried away, showing
bands of white limestone, the chalk of Antrim. The capping
of the whole is a bold dark cliff of basalt, formed of tier on
tier of lava-flows, with occasional ash-beds, its jutting spurs
and pinnacles weathering out in tints of ruddy brown.

Beyond Larne, the white limestone, the chalk, comes down
to the shore, and cliffs have been cut in it like those of south-

east England ;
while the volcanic layers form the upper half

of the wall, bare and brown and crumbling. The waters from
the high basalt moorland flow down in the clearest streamlets

into gullies carved out of the chalk
;
and the black volcanic

pebbles lie picturesquely in these snow-white hollows. Every
now and then a dyke is seen (Plate VII) filling some old

fissure, formed in the time of disturbance and activity, and

cutting both the bedding of the limestone and the oldest

lava-flows above.

From the east coast right into the county of Londonderry
the surface is formed of gently swelling basalt plateaux, every
older feature being concealed by the union of the flows.

Heather grows freely on these uplands, and peat is cut by
the peasants in the broad levels of the bogs. It is a strange
and often desolate landscape, nearly devoid of trees, and
covered in winter with undisturbed sheets of snow. But,
when we come to the plateau-edge, the scenery is rich in

its variety. After the long pull across the mountain from
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Coleraine, we drop steeply from the lavas to the alluvium of

the Eiver Eoe
;
or we may come round by the coast under

gloomy cliffs of basalt, all the more impressive by contrast with

the recent sand-banks of Lough Foyle. Away, again, on the

east of County Antrim, in the hollow of Cushendall, we see

the plateaux dissected into a number of bold mountain-spurs.
The eliff of basalt runs round these, making a fine outline

at its angles against the sky ;
but the crests of the spurs are

all of about one height, being formed of the broad rounded
backs of the united lava-flows. Farther inland, the highest
sheets of basalt, which have been denuded away from these

lower ridges, form another great platform in this step-like

country, reaching some 1800 feet above the sea. The glens
that have been cut into them stretch down to the woodlands
of Cushendall, and far older volcanic masses are exposed
down there upon the shore itself. Near at hand, dominating
the valley, the cone-shaped summit of Tieveragh rises, the

solid neck of a volcano that has long since been worn away.
In the south, across the bay, the chalk cliffs gleam under
the dark coping of the basalt, and give us some clue as to

the geological age of the eruptions.
The volcanic character of such a country is unmistakable.

If we merely climb the steep side of Cave Hill above Belfast,

and wander along the curved front of the cliff, we shall find

scoriaceous rocks in plenty, sometimes compact, uniform,
and black, sometimes with a delicate groundwork in which
the crystals are just visible to the naked eye. In many
cases the steam-vesicles are partly or wholly filled up with

white minerals
;
these are hydrous silicates derived from the

alteration of the felspars, and are occasionally accompanied

by quartz, which was deposited during the same chemical

changes. Often the cavity became lined at the outset with a

green earthy layer, resulting from the attack of water upon
the silicates of iron and magnesia, compounds of these mate-

rials being among the earliest minerals to decay. Within
this green layer, the nest of clear and colourless silicates

has been formed. Such a structure is called amygdaloidal,
from the Greek word for an almond, the rock looking like

a dark cake stuck full of little almonds. These secondary
minerals in the steam-hollows often crystallise inwards in a

delicate fibrous fashion, and their structures are well worth

studying with a lens.





COLUMNAR AND MASSIVE LAVA-FLOWS

AT PLEASKIN HEAD, Co. ANTRIM.

i {Photographed by Mr. R. WELCH.
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In the cliffs of the north, towards the Giant's Causeway,
the double structure of the lava-streams is magnificently

displayed (Plate VIII). Tier upon tier of black-brown
rocks are exposed on the storm-swept headlands, columnar
structure standing out superbly in almost every alternate

layer. The layer above each zone of columns is the upper
and more irregular portion of the stream

;
and here and

there some massive flows have escaped columnar division

altogether. We have already seen (p. 173) how the admir-

ably perfect
" Giant's Causeway

"
is merely the basal part of

a lava-stream, which is found in its entirety in the terraces

of the cliff above. Red bands sometimes occur between the

lava-flows, and are especially striking on the volcanic coast

of Skye. These represent the oxidised surfaces of decay
formed in the interval between one lava-flow and the next.

Soils were produced by atmospheric action, and vegetation
at last rose upon the consolidated lava. Leaves and twigs
were washed into the little pools that accumulated in the

hollows, and crusts of red and brown iron oxide were de-

posited in nodular masses upon their floors (see p. 142). In

time all this was covered by another flow, and the nature of

the leaves, thus remarkably preserved, has enabled geologists
to fix the period at which these Irish volcanoes were in

activity.
Similar leaf-beds occur in the west of Mull, as thin layers

amid the frowning cliffs of basalt, and show that the great
volcanoes of the Hebrides were also pouring out their lavas

at the same time as their rivals in County Antrim. Indeed,
at that period, later than the deposition of the Chalk, there

must have lain
" underneath the area of Britain a reservoir

or series of reservoirs of lava, the united extent of which
must have exceeded 40,000 square miles." 1

Besides the andesites and basalts, County Antrim con-

tains examples of almost every variety of rhyolite, and a

whole broad hill north of the Tardree Mountain is coated

with a lava-flow of obsidian, which is now breaking up into

decaying boulders amid the peat-bogs.
The formation of the lava-plateaux, here and elsewhere,

is fairly easy to understand. The tendency of long-con-
tinued eruptions is to fill up all the hollows of a country,

1 A. Geikie,
" The History of Volcanic Action during the Tertiary Period

in the British Isles," Trans. Roy. Soc. Edinburgh, vol. xxxv, p. 72.
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as we have seen in the case of the lavas of the Puy de Come
and the Louchadiere. The fluid basalt imitates, as it were,
an alluvial flat, and on this level floor, perhaps a century
later, another flow accumulates. This may not occupy the

whole width of the valley, but a third one may come down
and fill it up completely. Meanwhile, neighbouring valleys
have been similarly choked, and at last the ridges between
them are buried by lavas piled to so high a level that they
have been able to override the barriers. A long succession

of events like these covers the whole country with an almost

uniform surface of lava, above which a few scoria-cones,

breached by the flows or thrown up later, rise picturesquely
and indicate the actual vents.

These cones then become destroyed by denudation
; again

and again they have arisen during the long history of the

plateau, to be washed down into level tuff-beds and to be

buried by eruptions from some other source. A stratifica-

tion is thus established in the volcanic series, which imitates

the horizontality of marine deposits.

But, if we try to follow out one of the lava-streams

over some long cliff-face, we shall find that it is not a

broad sheet, flooding half a county from some continuous

fissure in the crust, but that it terminates in a narrower

edge on either side. The apparently uninterrupted stratum

that attracts us at a distance is really built up of several

flows
;

J these have run down side by side, but at different

periods, the one making good the deficiencies of the other,

and the whole series conspiring to level up the surface of

the land.

The north-eastern counties of Ireland were formerly like

those of south-east England, a country of rolling hills of

chalk, with their upper slopes covered with short grass,
and their hollows cumbered with flint-gravel, the product
of their own decay. Through this upland, in what we call

the Eocene period, the volcanic action broke
;
here and

there a huge cone arose, rapidly piled upon the scorched

and shattered Downs
;
but the ground, like that of Auvergne,

yielded at several points at once, and flow after flow of

andesite and basalt were poured forth from a number of

small vents. The lower flanks of Etna at the present day
show us somewhat similar features.

1 See A. Geikie, work above quoted, p. 80,
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The abundance of dykes in County Antrim points to

this multitude of vents. These dykes are difficult to trace

inland, owing to the grass and the bogland of the plateaux ;

but in quarries and along the shore they are conspicuous.

Carrickfergus Castle, which rivals Caernarvon in its position
as a stronghold of the sea, is built upon a weathered-out

basaltic dyke, which is exposed for about a mile and runs

out like a spur into the water.

Scrabo Hill, an isolated relic in the north of County
Down, is a marvellous dissection of one of these Eocene
volcanoes. Great quarries have been opened in the pink-
brown sandstones which form so large a portion of the

hill
;
and dark basaltic dykes can be seen running up across

these artificial cliffs, and sending off sheet after sheet along
the planes of bedding of the sediments. Nothing on the

slopes of a modern volcano can be clearer than the sections

thus revealed. The upper part of the hill is formed of

sheets of lava, some of the dykes penetrating these also

and reaching the present surface of the ground.

Carnmoney Hill, north of Belfast, contains the neck,

conveniently quarried into, of another of the old scattered

cones; this mass is oval in section, and about a third of

a mile across. Naturally, this slowly cooled volcanic plug
has became completely crystalline. At Carrick-a-rede,

again, some miles east of the Causeway, there are extensive

beds of volcanic tuff, and a well marked neck, which is

exposed by the cutting of the sea. This vent was about
1000 feet in diameter, and is choked with " a coarse

agglomerate, in which blocks and bombs of basalt, with

pieces of chalk and flint, are stuck at all angles in a dull

dirty-green granular tuff." 1 Another centre of eruption,

conspicuous for miles around Ballymena, is the grand mass
of Slemish, rising like a huge fortress, girt with cliffs,

above the long curves of the basalt plateau. It may once
have been surrounded by a cone of ash and tuff, culminating
1 500 feet above the sea

;
but it now stands out as a de-

nuded core, the one true mountain in the county. It is

still suffering from attack, and the clouds gather first upon
it when the moist wind blows from the great sea-inlets

of the west.

Fair Head itself (Plate IV), one of the noblest promon-
1
Geikie, work above quoted, p. 105.
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tories of our islands, is an intrusive mass some 250 feet in

thickness, banked up below by a talus of blocks as large as

houses, and rising above in a sheer black wall of strikingly
columnar structure. Its rugged back is worn out into hol-

lows in which little lakes have gathered ;
and from its summit

of 636 feet we see in the south the long dark plateau-edge,

resting on white exposures of the buried Downs of Antrim.

The formation of plateaux by accumulated lava-streams

is seen even better in the desolate north of Skye, where
the landscape is one long series of platforms, piled upon one

another, with brown columnar steps between them. Bog-
myrtle, and Cotton-grass, and the pale stars of the Grass

of Parnassus, grow upon these bleak wet uplands ;
while

the air is always tinged with soft grey rain, and the smell

of sodden oat-fields rises from the crofts along the hollows.

In the shallow valleys the view is cut off by the basalt

tables on either side
;
and it may be a walk of miles across

the yielding bog before we can attain some watershed and
look out on the Atlantic and the isles. It is hard at first

to compare these brown-green watery uplands with the

cleanly outlined and diagrammatic features that we left

behind us in Auvergne.
The rain-swept volcanic isles of Scotland have, however,

quite a literature of their own
;
and we shall return to them

some day later to inspect their central rocks. Although

they are among the most recent igneous masses in our

islands, they have suffered even more than their contem-

poraries in County Antrim. The outlying lava-flows have

thus been cut up into sea-stacks, showing, even in this

detached condition, the terrace-structure of the plateaux.
When we search among the strata of earlier periods

for relics of volcanic action, we find ample evidence that

again and again in the history of any country molten rocks

have reached the surface, and have profoundly affected

the features of our present landscapes, by reason of their

resistance to denudation. The long line of the Ochils, so

conspicuous from Stirling, is the edge of an ancient plateau
of brown and purple andesites, part of a volcanic mass

6500 feet in thickness, and extending over an area at least

sixty miles in length.
1 The Castle at Edinburgh stands

1 Sir A. Geikie, "Anniversary Address," Quart. Journ. Oeol. Soc., vol.

xlviii (1892), Proceedings, p. 70.
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upon a crag of basalt
;
while Arthur's Seat, the crowning

glory of the city, is a black volcanic neck, surrounded by
lavas and ash-beds, which give great variety to the surface.

The grand wall of Salisbury Craigs is formed by an in-

clined intrusive sheet, which has notably baked the shaly
beds beneath it.

Sir A. Geikie, in two comprehensive and finely illus-

trated volumes,
1 has given an account, rich in details,

of the history of volcanic action in the British Isles. We
need only in conclusion take our stand upon the narrow
aretes of Snowdon, and look round upon the peaks and

ridges of North Wales. Scarcely one of these prominent
masses is unconnected with lava-flows or intrusive igneous
rocks. The Moelwyn range above Ffestiniog, the jagged
summits of the Glyders, the smooth-backed Carnedds in the

north, and the twin-peaks of Yr-Eifl in the west, have all

been weathered-out from some of the oldest volcanoes of our
isles. The great dome of Mynydd-mawr, quite near us, is a

neck a mile in diameter, once filled with an almost glassy
lava, which has now become pale and white and crystalline.
The hollows of Snowdon itself are carved through tiers of

rhyolitic flows and tuffs, which have been traversed by
dykes of basalt. In the compact highly silicated rocks the

microscope shows us perlitic structure
;
while spherulites,

large and small, can easily be detected with the naked eye.
In walking down the Pass of Llanberis, some of the roches

moutonnees on the left are formed of the resisting basalt

dykes; while above us on the right a bold columnar crag
juts out from Esgair-felen, and sends down a loose talus to

the road. Once this mass must have been black and glisten-

ing, like the obsidian cliff in Yellowstone Park
;
while above

it and beneath it lay rhyolites of brilliant hues, pink and pale-

yellow and white, with abundant layers of back glass. All

have now undergone slow secondary crystallisation, through
changes and earth-pressures which took place long subse-

quent to their consolidation
;
and they have become almost

uniformly dull and grey. Quartz has been deposited in their

cavities, and fills many of the fissures which have opened far

across the hills. Many geysers and hot springs of the pre-
sent time, aided by the minute water-plants that live in their

basins, deposit silica as they flow
;
and thus the quartz-veins

1 "Ancient Volcanoes of Great Britain
"
(1897).
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of Snowdon probably represent the last stages of a long

period of eruption. Even if we go back to the earliest strata

of Britain, we can trace out the sites of old volcanoes
;
and

the lavas, as well as the kind of action at the vent, appear
to have been the same as those occurring at the present day.
Just now, in the British Isles, we are in a period of quiet,

such as that which prevailed through enormous ages be-

tween the deposition of our coal-beds and the upheaval of

the chalk above the sea
;
but the far future may again rear

cones and craters upon our smiling landscapes, and may
bury deep in hot scoriae and steaming lava the traces of our

human enterprise.



CHAPTER VII

A GRANITE HIGHLAND

WHEN we have become accustomed to examining the pro-
ducts of volcanoes, we may take up again the lump of granite
which we have laid aside since our earliest chapter. It con-

tains well formed mica, and orthoclase felspar, with its

simple twinning, and quartz acting as a sort of ground,
set in between the other crystals. All these minerals may
occur in rhyolite ;

we have seen that they all may be

separated out during the cooling of that lava in the vent.

In granite, moreover, they show no signs of rounding, nor

is there a cement to bind them together ; they seem to have

grown in place successively, and not to have been brought
together as sedimentary materials. In fact, we may reason-

ably suspect granite to be also an igneous rock.

Even though the crystals may be coarsely developed, the

felspars becoming several inches long, this is merely an ex-

tension of the complete crystallisation which we have seen in

the heart of massive dykes. And, when we study granite in

the field, we shall hardly be surprised at any degree of coarse-

ness in its texture the masses we deal with are so enormous,
and their rate of cooling must necessarily have been so slow.

Many of our British highlands are built of granite, and
there we may see it, as a rock always should be seen, in its

relation to the other masses of the earth's crust. The

granite area will be an open moorland, such as will rejoice
the pedestrian ;

and a few well-marked summits rise above
it here and there.

Though the whole area is high, there are few features of

especial grandeur. The hills are mostly rounded, with long
curving sides descending unbroken to the valleys (see back-

ground of Plate IX). Here and there a cirque has been cut

out on the flank of one of these great domes
;
and the cliff,

viewed from the side, may stand out boldly against the sky.
Curious groups of rocks, almost like ruined citadels, rise

189
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from the higher slopes of many of the hills
;
and long taluses

stream down from these, until they are swallowed in the bogs
that fill the hollows. Grass and fern and heather clothe all

the drier portions of the mountains
;
and in August the

landscape for miles is a stretch of glorious purple. Small

plantations of Scotch firs have been made, which climb from
the valleys towards many of the barren ridges ;

but these

wide mountain-curves give little shelter, and sometimes the

path of a storm-gust is marked by the red stems heaped
together in a shattered band across the woodland.

If we climb along the ridge between two valleys, we shall

see a striking similarity on either hand. The spur on which
we stand is like the back of a huge elephant, broad and

rounded, with hardly a rock-surface to be seen. Down below,
the streams have exposed the granite along certain steeply

descending grooves ;
but the valley-floors are covered with

boggy alluvial flats, in which the main rivers wander in fre-

quent curves.

As we rise higher, we see that the hill in front of us

assumes a nobler aspect. Its true form was hidden by the

great uniform masses of its lower slopes ;
but now bare walls

of granite can be seen along its steeper crest, and even the

slopes themselves are often too abrupt for taluses. Grass

ceases to cover the huge slabs of solid rock, which weather

out like grey inclined planes, continuing upward at the same

angle as the valley-side below. There may be no true peak
above the valley-head, yet this great dome in front of us has

a grandeur of its own
;
and it proves after all no easy climb

to reach the grassy summit.

Let us rest on the edge of one of the broad exposed
surfaces, some 2Oco feet above the sea (Plate IX). The

grass and moss are endeavouring to get a hold on it, but

their little tufts are easily dislodged. The rock weathers

somewhat evenly, with shallow pits in its surface where

the rain-storms have found weak points to begin on. If we
look along the plane of the slab, we shall see how there are

some parts rising higher than others, ready to be flaked

off along joints parallel to their surface. In fact, the mass

has a tabular jointing, dividing it into great gently curving
slabs

;
and the forms of the slopes are largely determined by

the angles at which these main joints lie.

It is difficult to cross so uniform a sheet of rock; we
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may even dislodge some hesitating flake and send it down
over the slope, before its time, into the valley. The weather

has roughened the rock by affecting the minerals unequally,
and the quartz stands out in little sparkling grains, while

the worn-down felspathic areas may be partly overgrown by
lichens. This roughness is noticeable even if we get our

fingers into one of the tabular joints, and feel the under-

surface of a slab. The fairly rapid destruction of the felspars
soon widens the joint ;

the mica and quartz become washed
out as sand

;
iron rust forms and stains the decaying surface

;

and finally the brown and crumbling mass slides down the

mountain- side, breaking up as it goes and scattering its dust

throughout the heather.

Sometimes these tabular joints lie horizontally, and give
a flat-topped or gently swelling summit to the hill. Beyond
us is a cliff in which there is all the appearance of stratifica-

tion
;
and we can see how another set of joints, unnoticed

by us before, has determined the exposed and vertical surface

of the rock. Two such sets of joints, indeed, occur, roughly
perpendicular to the first series and to one another; and
each set is in turn brought into play, according as the local

agents of denudation work most persistently in one direction

or in another.

The uniformity of structure of the granite mass has

checked the formation of conspicuous peaks ;
but here and

there, as we noticed from afar, a few rocks rise above the

general curves of the long moorland. These masses are

called tors in Devonshire, and are easily seen to be in all

stages of decay. The tabular joints control the outlines of

some, and the blocks fall away from beneath certain of

the layers, leaving ledges projecting out above our heads.

In other cases the three main sets of joint-planes have
divided the mass into fairly regular blocks, almost like the

squared stones of buildings; and the weather has widened
some of the vertical cracks and has produced deep gullies

through the tor. Hence the castellated effect of many
of these masses at a distance. But every stone has be-

come rounded on its edges, and crusts of decaying material

cover the surfaces and crumble away when they are struck.

Gradually the well-formed block, bounded by sharp joint-

surfaces, becomes reduced to a boulder, unstably perched
upon the rock below. A little wedging of frost, a little
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further crumbling of its lower surfaces, and it falls readily

upon the talus, to be slowly buried there in the grass. All

round the present tors on Dartmoor, the taluses are far more
remarkable than the upstanding rocks. They stretch away
in long concave curves from these diminished crags, these

relics of old peaks, and thus encumber miles of moorland.

The former greatness of what we now call tors is to be seen
in the blocks which lie everywhere strewn amid the heather.

All stages can be traced between the typical tor, standing
up so quaintly on the summit of its talus-cone, and the

huge rock-domes which we have here before us on our high-
land. When once cirques begin to be formed in the moun-
tains, the mass between their retreating curves is doomed.

Gradually the convex table of the summit is reduced to

a flat-topped rock, girt about with cliffs
;

at its base the

taluses stream down in all directions, the great boulders being
heaped on one another as if shattered by the catastrophe of

a moment
;
and at last even the table becomes worn out into

pinnacles, which go down one by one into the encroaching
hollows of the combes. The scene reminds one of the decay
of some great empire, as the changes of the times draw away
the states on all sides, leaving the centre of power still more

prominent, by reason of its very isolation.

In Cornwall, some of the rock-pillars that are left behind

seem at first as if built by human agency, rather than worn
out of a once solid mass. In the Mourne Mountains, again,
there is a group of pinnacles (fig. 19) fantastically flanking
a little canon, beyond which there lies a circular hollow set

about with similar columns. We seem to see the vestibule

and the central hall of some old temple ;
and it is hardly

strange that legends should still hang round these wind-

swept recesses of the rocks.

In all such cases it is the horizontal jointing that gives
the effect of masonry ;

but this structure is not aided by any
difference in the texture of the layers, which might cause

the hillside to weather out into steps and terraces. All

round us the rock slips evenly away, boulder by boulder,

slab by slab, and these great uniform slopes are the result.

As we cross a smooth exposure of the granite, we see

little dykes and veins, usually of more finely grained material,

cutting across the main mass of the rock. Some of these

even cross one another; and often the fissure that has ad-
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mitted the more recent of two veins has been accompanied
by a movement, which has shifted the broken edges of

the earlier vein, until they are no longer opposite to one
another. We may note that these dykes consist also of

granite, which is often very compact in texture
;
and even

in them the crystallisation can sometimes be seen to be

Fia. 19. GRANITE PINNACLES, SOURCE OF THE ANNALONG RIVBU, MOURNE
MOUNTAINS.

(Photographed by Mr. R. Welch.)

coarser in the interior of the dyke and distinctly more
delicate on its margins.

We are evidently in the presence of an igneous mass
that has cracked open more than once since its consolida-

tion. Material, still molten, was always at hand to ooze up
from below and to fill up the fissures as fast as they were
made. But the conditions of cooling were slow even in

M
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these veins, since they have become completely, though
often minutely, crystalline. The lower blocks of the con-

solidated granite may have been again and again absorbed

into the liquid mass below, before the whole finally became
solid. A subterranean reservoir may have existed, com-

parable to the lava-lake of Kilauea (p. 1 56), which now eats

away, now reconstructs its walls
;
and in time the heat

diminished, allowing the whole contents to crystallise, under

conditions of far higher pressure than are experienced by
any lava near the surface.

On many of our slabs of granite we see porphyritic fel-

spar crystals, which must have developed previously to the

finer material of the ground. These long orthoclase crystals
are especially frequent in the granites of Devon and Cornwall,
and the shorter pink crystals of the rock of Shap in West-
moreland have made it famous as an ornamental stone. Do
they represent a period of greater earth-pressure and still

slower cooling, when the rock began to crystallise on a

grander scale ? Was the mass then remelted, these large

felspars being left to tell the tale of its first and unsuccess-

ful efforts? These are some of the questions which arise

when we try to conceive the operations that take place in a

deep-seated caldron of molten rock. The abundant develop-
ment of quartz is probably connected with the imprison-
ment of water under pressure ;

but further experiments on
its artificial production are required to elucidate this point.
Now and then we can trace, in veins and knots of deposited
material, the course of hot liquids and vapours which subse-

quently passed through the rock
;
the older minerals have

been deprived of some of their constituents, and new ones

have arisen from the interaction of the invading substances

and the granite. In this way minerals containing fluorine

often arise, such as Topaz and Fluorspar; and black hard

radiating rods of Tourmaline, a complex silicate and borate,

grow out from centres of decay and spread through the rock

like a disease. During the destruction of former silicates,

silica is often set free, which crystallises as additional, or, as

we say,
"
secondary

"
quartz. On Dartmoor whole rock-

masses occur converted thus into tourmaline and quartz. In

Cornwall, again, tourmaline is commonly formed, apparently

by the action of boric acid vapours, on the sides of the

granite veins
; and, in the little inlet of Nanjisal, near the
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Land's End, an altered granite occurs, in which the red

porphyritic felspars are reduced to mere shells, their ex-

cavated interiors being partially or wholly filled up again by
secondary quartz ;

while the more finely-grained ground is

replaced by a mass of delicate tourmaline needles, set in

granular lumps of quartz. The whole of this ground is of

secondary origin, the former crystals of quartz and felspar
and mica having been attacked, and part of their constituents

having been used up again during this thorough process of

reconstruction.

This shows how profound mineral changes may go on even
in deep-seated and apparently protected masses. Minerals

are deposited around the fumaroles in volcanic craters, where
the vapours escape from the interior of the earth

;
but the

chemical action of these gases will be much more extensive

when influenced by the high temperatures and pressures in

the interior of the crust. Whether the temperature is suffi-

cient to keep them in the gaseous condition, despite the pres-

sure, or whether the pressure condenses them into liquids,

they will permeate the heated rock-masses and carry on a

series of "mineralisations." In the short time at our dis-

posal for the performance of a laboratory-experiment, it is

impossible to imitate all these results of prolonged natural

action
;
but many rock-forming minerals have now been

artificially reproduced, particularly by a brilliant group of

chemists and mineralogists in France, stimulated by the

work of MM. Fouque and Levy.
There can be no doubt, however, that the principal

minerals in our granite, and the structures of the mass,
from the porphyritic crystals to the shrinkage -joints, are

due to its consolidation from a state of fusion. The study
of a series of rhyolites will show us how it is no step, but

merely a continuous passage, from the most "stony" of

these rocks to the fine-grained veins of granite ;
and from

these we can pass easily to the most coarsely developed
masses. It is natural, then, to conclude that in our granite

highland we have the weathered-out contents of a caldron

which once underlay a volcano or a series of volcanoes.

These volcanoes would have erupted rhyolites; and the

extinction of the area would have been due to the con-

solidation of the contents of the caldron by loss of water or

by diminution of the heat supplied to it.
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Many such caldrons must exist, however, without their

molten matter attaining the surface of the ground ;
and it

is difficult in any case to trace a connexion between the

surface-products of a volcano and its highly crystalline basis.

The cones and lava-flows must be swept away by denudation

before we can get at the underlying rocks
;
and it is only in

rare cases that some deep valley, or the borings of a mine,
will reveal to us the two classes of products in their true

relations to one another.

Occasionally the huge central neck of some old volcano

will serve us almost as well. Professor Judd 1 has again
and again emphasised the connexion between glassy and

partly glassy lavas and the most crystalline central masses

in the complex and denuded volcanoes of Mull and Skye.
Messrs. Hague and Iddings

2 have similarly shown the lavas

and completely crystalline rocks of Washoe in Nevada to

be a continuous series, and have supported their evidence

by a series of chemical analyses. Even the great majority
of Continental observers, who felt that such a connexion
was not established in their own countries, have now ac-

cepted the view that highly crystalline granitic rocks may
be forming at the present day beneath our feet. Modern

examples are difficult to get at that is all. In the Hebrides,

however, the wild west showers and the driving winds of

the Atlantic have cut down into the central igneous masses,
and have exposed coarsely crystalline rocks of a compara-
tively recent geological age.

If the broad moorland on which we wander is a true

igneous mass, surely it must have produced, like a dyke,
some effect upon the rocks which border on it. Let us

cross the watershed, and descend from the high tors and

towers, until we meet with some material different from
the granite.

A few miles down the valley that we have selected,

its walls become scarred with a series of ridges of dark

rock, which run down parallel to one another, projecting
from the grassy slope. They are occasionally curved and

folded, and present all the appearance of uptilted strata.

1 "The Secondary Rocks of Scotland," Quart. Journ. Oeol. Soc., vol. xxx

p. 276; "Volcanoes," p. 142; &c.
2 "On the Development of Crystallisation in the Igneous Rocks of

Washoe, Nevada," Bulletin U. S. Oeol. Survey, No. 17 (1885).
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Hard by, there is a large quarry, opened to obtain the

granite ;
and at the lower end of it the dark rock appears

as a projecting bluff, cut round and neglected by the work-
men. The contrast of the two rocks is striking; and we
have here come to the edge of the granite mass.

A few moments' inspection shows us that the pale pink
and orange granite has almost wrapped round the darker

rock
;
a dyke of granite has run out at the junction, and

can be seen wandering away up the quarry-face. The dark
rock is shaly, but its delicate planes of division are covered

with gleaming plates of mica
;
and fine threads and sheets

of what appears to be quartz occur freely in between the

layers.
Some of these filmy sheets actually are composed of

quartz ; they agree in character with the deposits in many
of the cracks that we observed high up amid the granite.
But others are seen on close inspection to contain felspar;
here and there a mica flake occurs

;
and these delicate bands

are really offshoots from the granite.
At another point small veins run off distinctly from

the main mass across the bedding of the shaly rock, thus

imitating the larger dyke. There can be no doubt as to

the character of the junction which we see here exposed.
The granite is, as we say, intrusive in its stratified sur-

roundings.
If we now climb the slope, we shall be able to trace

the line of junction, bending now this way, now that, and
shall find ample evidence of its irregular character. More
than this, the granite near its margin contains numerous
dark flecks and patches, and these prove to be pieces of

its neighbour, which have actually become picked off and

partly melted. The delicate intrusions at the junction down
in the quarry have prepared us for this intermingling of

the rocks
;
and even the great projecting bluff is, as we saw,

almost completely surrounded by the granite.
Sometimes the intrusion of veins along the bedding-

planes of the shale has produced a rock composed of

alternating layers of dark micaceous shale and pale pink
granite. This would be a difficult material to understand
if we saw merely a loose specimen of it, instead of collect-

ing it for ourselves. The whole hillside now above us gives
a wonderful picture of the attack of the molten rock, when
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far beneath the surface of the ground, upon the older masses
into which it flowed.

If this seems simple to understand, when we see the

network of veins before us in the field, and when we con-
sider its similarity to what is revealed by the denudation
of a volcanic centre, yet this version of the origin of granite
is really very modern. James Hutton, the great Scotch

geologist, was the first to prove, by producing similar evi-

dence, that granite was an igneous rock, his observations

being made in Glen Tilt in 1785. Even in our own day,

distinguished authors have asserted that rocks of granitic
structure could be formed as deposits from hot solutions,

perhaps at the bottom of the sea. A kind of solution there

may be, when we consider the water that permeates the

mass, even when at its greatest heat
;
but of the former

molten condition of the rock there can be no reasonable

doubt.

The study of the fragments of other rocks picked up and
surrounded by granite has been carried on microscopically in

several countries
;
and we find that some constituents of the

included rock may become melted to a glass, while others

are left but little injured. Ultimately the latter minerals

remain alone, scattered through the granite, all trace of

their mode of origin having disappeared. It is clear that

this selection of minerals, dependent on the greater fusibility
of some of them, may provide the granite, when it con-

solidates, with constituents of a very puzzling character.

The porphyritic crystals of lavas have no doubt often been
derived from similar foreign sources (p. 168); and it is

convenient to speak of all such objects, when their origin
can be traced, as derived crystals.

The dark rock in contact with the granite now demands
attention. It has some characters of a shale, as we have

already noted, but is remarkably crystalline. Some layers
are crowded with distinct flakes of mica; in others dark

specks and rods stand out in a fine grey micaceous

ground. We must follow this mass step by step down the

valley.
As we recede from the granite, the amount of con-

spicuous crystallisation diminishes, and the whole rock is

duller and more compact. At last, perhaps a mile away,
we find it as an ordinary shale, and we may be so fortunate
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as to detect traces of marine animals in it. At one time,

then, these muddy strata were deposited in the sea. They
have been uptilted, and the granite has flowed into them

;

is it not, then, likely that the igneous rock, with its slow

cooling, and the escape of liquids and vapours from it, has

produced the crystalline condition of the mass along the

junction ?

We use the term metamorphism to express the pro-
duction of such extensive changes, of which heat and

pressure, singly or both together, have been the causes;
and we say that such changes as we now are studying
result from contact-metamorphism. Limestones become

crystalline when in contact with great igneous masses,
silicates rich in calcium becoming developed in them, often

by an interchange between their constituents and those

of the invading rock. 1 Sandstones become hardened and

compacted, and any fragments of felspar occurring in them
become more or less melted and form a glass between the

grains of quartz. Clays and shales become baked into a

dark flinty condition, some of the particles actually melt-

ing ; here, again, any felspathic grains will aid the pro-
cess, while chemical combinations become set up which
result in the formation of new crystallised minerals in the

mass.

Two of the commonest minerals which arise from the con-

tact-metamorphism of mixed materials, such as impure clays,
are a pale mica, containing a good deal of water in its com-

position, and pink-red or pink-brown garnets. The garnet
series consists of silicates of various metals, the latter re-

placing one another without altering the type of crystallisa-

tion. Garnets belong to the cubic system, and commonly
appear as somewhat spherical bodies on the fracture of the

rock containing them. In reality, the most usual form has

twelve faces, its high symmetry giving it a granular aspect
when it is developed on a small scale. The reddish garnet
so frequently occurring is called Almandine, and is a silicate

of aluminium and iron
;

it easily scratches our knife-blade,

and, from its colour, can be picked out readily by the eye.
Another substance, however, has assembled to form the

1
See, for instance, Johnston-Lavis and Gregory,

" On Eozoonal Structure

of the Ejected Blocks of Monte Somma," Trans. Roy. Dublin Soc., ser. 2,

vol. v (1894), p. 259.
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dark spots and patches. Some of these are composed of mate-

rials that could not arrange themselves sufficiently well to

form recognisable minerals. But others have reached the

stage of fairly outlined rods, like little pieces of slate-pencil.
These have been shown by chemists to be Andaiusite, one of

the forms adopted by crystallised aluminium silicate. This

is precisely the mineral that one might expect to arise from

the prolonged heating and compression of a clay, seeing that

clays are almost entirely made of aluminium silicate com-
bined with water. Andaiusite often developes in radial

bunches, and sometimes gets rid of the impurities which

give it its dull colour
;

it then appears as sharp-edged four-

sided little rods, lying, like wooden matches, in the ground-
work of compacted clay.

It is pleasant to observe in microscopic sections of the

products of contact-metamorphism how large a part is played
in the resulting crystals by the impurities caught up in them.
The crystallising matter collects round a number of stolid

unaffected particles of the original rock, and tries, as it were,
to elbow its way in between them

; finally something like a

crystal is built up, the faces being in reality very ill defined,

and the great bulk of it being formed of matter which could

not be thrust out from it.

The neat little match-like crystals of andalusite which

occasionally occur, as in the altered shales of Skiddaw, have
succeeded in arranging the impurities within themselves into

two sheets, connecting the opposite pairs of long edges of

each rod, and also into the form of five columns, one running
down the central line of the rod and one down each long
edge. The result, when the crystal is broken across, is that

a black cross appears, with patches at its ends and at the

centre
;
and this variety of andalusite has consequently been

named Chiastolite, or "cross-stone."

Metamorphism along a plane of contact is naturally a long
process, and minerals are developed and succeed one another

just as they do during the slow crystallisation of an igneous
rock. Thus Miss Gardiner 1 noticed that, in the zone of

alteration round a granite in the south of Scotland, the

garnets appeared first, as was shown by the fact that they
included none of the other products of metamorphism. The

1 " Contact Alteration near New Galloway," Quart. Journ. Gcol. Soc., vol.

xlvi(i89o), p. 579.



A GRANITE HIGHLAND 2OI

chiastolite, however, included the garnets; and the micas

were formed against and bent round both these minerals.

A large number of the little irregular black spots that

occur in altered shales are really due to mica, which can be
traced in all stages of development. After all, in the great

majority of these rocks, as we walk across them in the field,

mica is by far the most striking feature.

Messrs. Harker and Marr l have shown how about thirty

species of minerals have been developed in various rocks

round the granite of Shap in Westmoreland. In many
cases the molten mass acted upon older igneous rocks

;

but at least twenty- one of the mineral species arose

in the adjacent shales and limestones. The formation

of both orthoclase and plagioclase felspars in these sedi-

mentary rocks is the most noteworthy point in the results

obtained.

The zone of alteration round the Shap mass is about 1 200
to 1 300 yards wide, the granite, as exposed at the surface,

having a diameter of about 2500 yards. In most cases, the

constituents of the rocks close to the contact have become

entirely rearranged. The minerals that had already been
formed in the adjacent igneous rocks by processes of decay,
such as carbonates and hydrous silicates, were the first to

suffer from the metamorphic action. The authors believe

that no transference of materials from one rock to another

has occurred in this case, and that the new crystals, even
the wonderful assemblage of pyroxenes, and amphiboles, and

garnets rich in lime, in the altered limestones, have arisen

by the creeping together of materials already present in the

sedimentary rock.2 M. LeVy, on the other hand, and French
workers in general, lay stress on the mingling of constituents

that may go on in such cases, and support their arguments
by many excellent examples.

We have now looked into the past history of our granite

highland, and have pictured it as a molten mass, working its

1 "The Shap Granite, and the associated Igneous and Metamorphic
Rocks," Quart. Journ. Gcol. Soc., vol. xlvii (1891), pp. 292-325; and "Sup-
plementary Notes on the Metamorphic Rocks around the Shap Granite," ibid.,

vol. xlix, p. 359.
'2 The literature regarding the products of contact-metamorphism is admir-

ably summarised by F. Zirkel,
" Lehrbuch der Petrographie," 2nd edition,

Band ii, p. 82, &c. For British examples, see J. J. H. Teall,
"
British Petro-

graphy," p. 373.
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way into the surrounding strata and imprisoned deeply under-

ground. At present its denudation and decay offer us many
interesting features, especially since the sedimentary rocks,
with which we are already familiar, are so largely derived
from the decomposition of igneous ones.

When examining the tabular joints on the shelving sur-

face of the mountain, we saw how the rock was going to

pieces through the attacks of the weather upon its con-

stituents. Analyses show that the soda is carried away most

rapidly from a decomposing granite, and the potash far more

slowly, both these substances being extracted from the fel-

spars. If lime is present, it is carried off at least as quickly
as the soda. In any case, part of the attacking water be-

comes combined with some of the constituents of the granite,
and the proportions of silica, alumina, and iron oxide remain
about the same, the silica generally increasing slightly. But
a great physical change accompanies these chemical ones;
the surfaces of the felspars become coated with fine kaolin

dust, and at last those developed porphyritically can be lifted

out of the rock-mass. Their cleavage-surfaces similarly be-

come powdery, and the crystals themselves break easily into

little blocks. The micas, especially the biotites, take up
water and alter into still softer products, such as chlorites.

Any hornblende that may be present similarly passes into

soft green powdery products. A certain amount of iron

oxide is set free, which takes up water and forms brown
streaks and films

;
while the smaller felspars pass entirely

into powdery kaolin, like flour. The stubborn quartz, now
dusted over with kaolin, rolls out loose into the debris of

the slope. Its original granular form fits it admirably
for further wanderings, and it already resembles grains
of sand.

The great streams of solid matter washed down from
the decaying cliffs can be appreciated when we look up at

them from the floor of our valley. The little torrent in the
hollow is busy sifting them out, and already we have banks
of sand amid the alluvium, from which the fine clay has
been removed. Much of this sand, however, when we run
it through our fingers, is composed of little lumps of

granite, which are ready to be further broken down, but
which still contain all the constituent minerals associated

together.
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The finer matter, washed away and laid down in the

alluvial levels a few miles lower down our valley, is divided

into particles consisting of separate minerals, the bulk being
kaolin with embedded grains of sand. At this point com-
mercial companies have set up works for its further artificial

subdivision, and the pure white kaolin is washed out into

tanks and finally sent off to the Potteries as china-clay.
The natural agents would have finally sorted out the

materials on the sea-coast (p. 100) ;
but by that time other

ingredients would have got in, and the kaolin would be no

longer pure. It is coloured on the shore by iron oxide, by
iron sulphide, by decaying animal and vegetable matter;
it thus becomes merely common clay.

Here then we are at the source of our sands and clays,
two great groups of sedimentary rocks. We can, in fact,

trace them back to igneous masses. Even the salts of lime

that are carried away from our highland in solution go to

furnish the sea with calcium sulphate and calcium carbonate,
from which the lime is again extracted by organisms for the

construction of the calcium carbonate of their shells and
skeletons. Thus granitic rocks also help to form the

great beds of limestone, the shell-banks and the coral-

reefs, which constitute our third main group of sedimen-

tary deposits.
When we picked up our granite specimen at the outset

of this chapter, we compared its constituents with those of

rhyolite. A typical analysis of rhyolite- obsidian, the most

glassy rock of this series, has been given on p. 166. If we
powder up a good lump of granite, so as to get all its con-

stituents well mixed in average proportions, we shall find

that its analysis agrees well with that of rhyolite. From
the point of view of our chemist, the two rocks would
be practically identical

;
the difference is one of structure,

arising from different conditions of temperature and pres-
sure during consolidation

;
and thus every variety of rhyolite

can be paralleled in chemical composition by a possible

variety of granite, or vice versd.

Let us take two granites from the British Isles as our

examples, expressing the constituents, as is usual, in the
form of oxides. The first one consists of quartz, orthoclase,

albite, muscovite, and a little biotite, and is a typical
" white

granite
"

;
the second is the famous " red granite

"
so largely
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used for ornamental building, and contains similar consti-

tuents to the other, muscovite being, however, absent.
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2. Syenite. Here we have only some 60 to 65 per cent,

of silica, with potash, as in granite, in excess of soda. The
name is from Syene, the modern Assouan

;
but the rock

of that area, extensively used by the ancient Egyptians, is

properly a Hornblende-granite in our modern classification.

Caesalpinus,
1

writing at the end of the sixteenth century, uses
"
Syenites

" and " red granite
"

(granitum rubrum) as terms

having the same meaning ;
but Syenite is now restricted to

a rock practically free from quartz. Orthoclase felspar, and
an amphibole, or a pyroxene, or a mica, are the important
constituents. The rock is a granite without sufficient silica

to form quartz, and thus consists typically of two minerals

only. It is often red, owing to the colour of the prevalent

crystals of orthoclase. Its specific gravity is about 2.75.
It is obvious that this is the deep-seated representative of

trachyte.

3. Diorite. The silica here runs from 70 to 55 per cent.,

with soda in greater amount than potash. The name is from

Siopify),
" I distinguish," because of the clearness with which

the two main constituents stand out from one another.

Plagioclase felspar (albite, or oligoclase, or even labradorite)
takes the position that is occupied by orthoclase in the

syenites. In some cases the silica is sufficient to form quartz,
and the rock is called a Quartz-Diorite. The quartz-diorites
are probably quite as abundant on the globe as the true

granites. Typical diorites consist of oligoclase and horn-

blende, or mica, or pyroxene ;
those varieties with least silica

contain more lime than the others, and the crystals in these

are often labradorite and augite. The pyroxenic varieties are

generally called Gabbros. The colour of the rock is usually
white spotted with black. The specific gravity is about 2.80

in those varieties rich in silica, and 2.95 in those rich in lime,

magnesia, and iron oxides. The diorites thus cover in their

characters the same range as the great group of andesites.

4. Olivine-Gabbro. Here the silica-percentage is from

55 to 45, and the heavy oxides are of increased importance.
The name Gabbro is derived from that of a Tuscan village,
the rock being spoken of in the last century as "

granito
di Grdbbro" Gabbro without olivine consists of a plagio-
clase and a pyroxene, and might come with us under the

head of "pyroxene-diorite." Olivine-Gabbro contains a

1 "De Metallicis," edition of 1602, p. 94.
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plagioclase (labradorite or anorthite), a pyroxene (or rarely
hornblende or biotite), olivine, and magnetite. The oliviiie

marks the decrease in silica that has occurred, while the iron

oxides have been able to crystallise out abundantly, instead

of being worked up into silicates. They are usually associated

with oxide of titanium, giving rise to titaniferous iron ores.

The rock is darker in colour than common diorite, and is often

blue-black through the abundance of pyroxene or amphibole,
and through the fact that the felspars have become dulled

and grey by internal chemical alterations. The large crystals
of pyroxene in coarse varieties of the rock give a somewhat
metallic lustre to certain portions. The specific gravity is

about 2.90 to 3.00. The mass is commonly very tough and
difficult to break, especially where the felspars are altered

into new lime- silicates and where the pyroxenic constituent

is abundant. Clearly olivine-gabbro is merely the completely

crystalline representative of common basalt.

Hence, with the knowledge that these crystalline types
of rock exist, we may enlarge and modify our classification

of igneous rocks (p. 171) so as to include them. If we take

the completely crystalline types as the bases of four rock-

groups, we may use the minerals developed in them to guide
us in our arrangement ;

this is a character that we could not

previously employ when we were dealing with only partly

crystalline materials.

SUMMARY OF IGNEOUS ROCKS.

Principal Mineral
Constituents.
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SUMMARY OF IGNEOUS ROCKS continued.

Principal Mineral
Constituents.
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we may be especially doubtful as to the former presence of

olivine. The chlorite may have arisen from the decay of the

hornblende, or from biotite, and the whole mass has evidently
been extensively altered. We must place it as a possible
Diorite or Olivine-Gabbro. A convenient field-name for all

decomposed crystalline rocks of this type, poor in silica, with

greenish alteration-products, is Diabase, an old term revived

in this sense by Hausmann some fifty years ago.
For granites we may go to the long slopes and castellated

tors of Dartmoor
;
or away west to the barren Cornish up-

lands
;
or to the great chain of Leinster, which is some sixty

miles in length, and from 1 500 to 3000 feet above the sea.

In Scotland, from Perth northwards, there are numerous
wide bosses of ancient date

;
but none are more interesting

than the Red Hills of Skye, which are among the more
recent igneous masses of the British Isles. The granite is

here somewhat minutely crystalline, and probably it is only
the upper part of a great intrusive mass. But its dome-like

outlines are characteristic, as also are the broad enveloping
taluses which flank these isolated hills. Far away, from the

rugged shore of Balmacarra, the huge curved back of Beinn
na Cailleach of Broadford can be seen against the sunset,

with its sea-front scarred and carved into one steep cliff.

Beyond it is the bold smooth cone of Glamaig, with Marsco,
almost as simple in its outline, rising in the midst of gloomier
and serrated hills. When we actually walk up the glen
beneath these pink-red masses, we are apt to underestimate

their height ; already we see how weathering is wearing

away the relics of a crag on Marsco, and is converting a

mountain-peak into a round-backed granite moorland.

The former dignity of most of our granite ridges has

thus been lost to us; but the Mourne Mountains in County
Down in Ireland preserve a remarkable degree of steepness.

Here, again, it is the massiveness of the scenery that attracts

us, rather than any special detail
;
but the valleys are still of

bold proportions, and deepen rapidly as we descend from

their heads towards the sea. We view the open water from

between two steep walls, where slabs of granite are exposed
amid an expanse of heather

;
and above us the rock looms

up into wild tors, which send down blocks for some 2OOO
feet into the hollows. If we stand upon one of these silent

crests, we may see the western masses like huge grey walls
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in the haze of a summer afternoon. Scarcely a break or

ledge is now discernible, except where the white water of

some mountain-lake seems to float like a cloud in the great

gloom.
The date at which the Monrne granite intruded into the

shales and sandy strata which surround it is probably, like

that of the Skye masses, comparatively recent; but even

later granite ridges are observable in the Alps, and will be

inspected by us in a subsequent chapter.
Granites tend to graduate into quartz-diorites, even in

the same rock-mass
;
but the diorites rich in silica produce

similar scenic features to those of granite areas. The
"
granite

"
of Beinn Cruachan above Loch Awe, in Argyll,

is largely a quartz-diorite ;
and this great mass, 3600 feet

above the sea, has some twelve broad valleys carved down
in it. The bare rock shows itself in a few cliff-ledges and
towards the long ridge of the summit

;
but for the most part

the hollows have smoothly curving slopes and floors, covered

with grass or brown stretches of mountain-bog.

Syenites are decidedly rare rocks, one of the few British

examples being that of Groby, at the south end of Charii-

wood Forest in Leicestershire. The quarries cut in this

district are of great size, and the stone is broken up and
sifted by machinery through coarse sieves made of iron

plates perforated with circular holes. It is then exported

throughout all eastern England for road-metal, and promises
to become one of the best known of our igneous rocks. Its

delicate pink-purple and greenish tints make it easily re-

cognisable in the wayside stone-heaps.
The diorites poor in silica are exceedingly common rocks,

especially in the form of dykes. These rocks form the bulk
of the " Greenstones

"
of older authors, although this term

became at one time carelessly applied to practically any
igneous rock that could not be called a granite. A bold mass
of diorite forms Hanter Hill on the border of Herefordshire

and Radnorshire
;
and Stanner Hill, on the other side of the

Kington road, is a similar dark rock penetrated by fine-

grained granite. The glaciated ridge of Mynydd-y-Gader,
which forms a fine foot-hill to the wall of Cader Idris,

consists also of a coarse augite-diorite. Dykes and intrusive

sheets of this rock run along the whole of the middle ledges
of the mountain, penetrating the tuffs and altered shales.
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These dark masses, in which the augite stands out con-

spicuously on weathering, form a striking contrast to the

pale grey rhyolites and to the andesites rich in silica, which
form the great cliff of Cader Idris, and which also emerge
in a long band farther north.

Carlingford Mountain, on the south side of the sea-inlet

which reaches up to Newry in County Down, is composed
of a dark pyroxene-diorite, the typical "gabbro" of most
authors (see p. 205). The high ridge has weathered with a

serrated outline, and great bosses and steps of rock occur all

across the upper slopes. The joint-surfaces are less regular
than those of granite, and a corresponding irregularity of

surface is the result. As a picturesque mass, Carlingford
Mountain is far more impressive than the whole group of

the Mournes across the water
;
and this nobly broken char-

acter is found to be characteristic of all high areas of gabbro.
The rock is deep grey, passing towards black, and the sur-

faces of augite and rhombic pyroxene give it patches of

almost metallic lustre.

The olivine-gabbros find their grandest British develop-
ment in the heart of Skye. The rock is there typically dark,
blue-black to brown-black, with similar structure to that of

Carlingford. Its joints allow of deep vertical clefts being
cut in it

;
but it does not flake away evenly like granite. Its

felspars, being devoid of alkalies, do not break down like

orthoclase and albite
;
and their products of decomposition,

which are usually hydrous silicates of lime and iron, tend

rather to consolidate and strengthen them. The uniformity
of decay noticeable in granite does not occur, therefore, in

olivine-gabbro, although the olivine itself alters into dusky
serpentine. Moreover, the varied and frequent joint-surfaces

give rise to a number of fantastic peaks. At the mouth of

Glen Sligachan we have the fine contrast of the pale dome
of Glamaig and the uniform cone of Marsco, the granite

mountains, on the left
;
while on the right, above the fern

and bogland, rise the black crags of Sgurr nan Gillean,

where some of the huge saw-teeth of the gabbro actually

overhang their base. As we ascend the four miles of the

glen and cross the low watershed on the col, we approach
what is absolutely the sternest and grandest scenery of the

British Isles. The enormous wall of Blaven now rises verti-

cally from a desolate hollow, its crest, 3040 feet above the
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sea, cut by steep gullies in which snow may lie throughout
the summer. Scarcely a ledge of grass can rest upon it, and
the powdery taluses at its foot are themselves singularly

steep. The blackness of the rock adds to its impressive
wildness

;
the granite masses are now left behind, and, as we

climb a shoulder on the west, we look down on the hollow of

Loch Coruisk. This narrow lake, almost at the sea-level, is

nearly two miles long, and is surrounded by mountains rising
some 3000 feet above it. Grass spreads freely over the

lower slopes, but is seldom touched on by the sun. The

general impression is one of loneliness and gloom, and the

huge cliffs catch now and again long drifts of the Atlantic

cloud. The great combe at the lake-head, the " hollow of the

waters," is bound by black crags which rival Blaveii; but
here they are massed together, leaving between them only
the canon of a foaming stream. Beyond the grim wall on
the west, another rises, still more pinnacled and precipitous ;

and for a long time these ridges of the black Cuchullins were

regarded as absolutely inaccessible.

On the seaward side the valley opens into a broad fjord,
Loch Scavaig, its barren gabbro walls repeating the features

of Loch Coruisk. The horizontal scale of these landscapes
is readily forgotten, and black crags fully four miles away
seem to tower above us in this grim dark fastness of the

rocks. It is a scene to be alone in for a time
;
and then all

the legends of the storm-gods may be realised, as the faint

gleams of sunlight sweep across the lower slopes, and the

cloud-wisps come and go above the desolate hollow of the

lake.

As we return to Sligachan, all the granite hills flush rose-

red in the glow of evening, until they resemble the Pyramids
in an Egyptian sunset

;
but even now the Cuchullins remain

dark and cold. To-morrow we can wander across their less

frequented passes, where there is still a chance of startling
an eagle in some hollow filled with the sea-mist. And we
shall find that this igneous core, this cleft heart of a volcano,
is at least as complex in its details as our open granite high-
land.

The Cuchullins are, indeed, seamed with dykes and veins

of basalt and of fine-grained gabbro. Igneous activity clearly
went on long after the intrusion of the main mass that now
forms the mountains. The latter mass itself sends off sheets
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into the surrounding basalts, and has in places a remarkable
flow-structure and banding, which were set up when it was
in a viscid state.1

It is not surprising that the constituents of a coarsely

crystalline rock should be dragged out and arranged in a

particular direction, as the mass gives its last movements

prior to its consolidation. The edges of many granites show
a streaky grouping of the constituents, particularly of the

micas, the flow- structure being parallel to the plane of junc-
tion of the granite and the surrounding rock. But it is

more difficult to account for the occurrence of distinct bands
of rock of different compositions, such as we may come across

on the surfaces of exposed slabs in the field.

In many cases the appearance of banded structure is

due to one igneous rock having been penetrated by another.

Such an invasion often remelts the older rock, and a mingling
of the two occurs along the surfaces of junction; but the

second rock proceeds to work its way forward in a series of

parallel sheets, aided by some previous structure in the mass
into which it has intruded. Thus, south of Newcastle in

County Down, a rock which may be described as a somewhat

crystalline rhyolite has penetrated a massive dyke of fine-

grained gabbro, and a banded structure has been set up
parallel to the flow-planes of the original dyke. The gabbro
has opened along these planes, and the invader has taken

advantage of them.
But in Skye it is thought that a separation of the molten

rock into materials of differing composition had already taken

place in the great caldron down below, and that an igneous
mass already possessing a certain structure was thus intruded

into the position where we now find it. In this upward
movement, the lumps, so to speak, of one variety of the rock

pressed against those of other varieties, and the whole became

squeezed out into parallel sheets. 2 The chemical composition,
and therefore the proportions of the resulting minerals, differ

considerably in neighbouring bands
;
one is thus found to be

rich in labradorite, and has a silica percentage of 52.8, while

another consists largely of augite, with a silica percentage of

only 29.5.

1 Sir A. Geikie and J. J. H. Teall,
" On the Banded Structure of some

Tertiary Gabbros in the Isle of Skye," Quart. Journ. Geol. Soc., vol. 1 (1894),

p. 645.
2 Work quoted above, p. 653.
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This brings us to the interesting consideration of the

origin of the varieties of igneous rocks. As yet we are

only on the threshold of this important subject, and we can

do little more than state the problem. Are all igneous rocks,

as known to us in the upper layers of the earth's crust, the

products of chemical and physical separations from a uni-

form molten mass below? Or are there distinct types of

lava ready prepared in separate rock caldrons, which some-

times open at distinct points on the surface, or sometimes,
at successive periods, at the same point ?

The same volcano may erupt rhyolites for many years,
and then proceed to emit nothing but basalts. Has the

caldron beneath it become filled by a new material from
some other source, or are we now receiving the results of a

separation which went on long ago in the melted mass
beneath our feet ?

In special localities we can actually observe, on the rocky
surface formed by the exposed and denuded caldron, how a

separation took place in the mass before it finally crystal-
lised and cooled. We have already said that a granitic mass

may be a true granite, with orthoclase, at one end, and a

quartz -diorite, with plagioclase, at the other. Professor

Vogt
1 has studied an extreme case at Huk, near Chris-

tiania, Norway, where a dyke, ten metres wide, consists of

a porphyritic mica-syenite in the centre and a fine-grained

mica-diorite, rich in magnetite, at the margins, the silica

varying as we go outwards from 63 to 47 per cent., and the

iron oxides from 3 to 12.5 per cent. At Ekersund in Norway,
Vogt finds igneous rocks, well-developed diorites, consist-

ing of labradorite, rhombic pyroxene, and titanic iron ore

(an oxide of iron and titanium), in which the ore in places
forms 80 per cent, of the rock

;
and he believes these masses

to have separated out from a uniform molten rock, the other

extreme product of which is seen in the same district as a

granite containing rhombic pyroxene.
Messrs. Dakyns and Teall,

2 in a paper of great interest,

dealing with intrusive masses near the head of Loch Lomond,
have suggested that rocks composed only of magnetite and

1 See review by J. J. H. T[eall], Geol. Mag., 1892, p. 84; and Teall,
" The Sequence of Plutonic Rocks," Natural Science, vol. i, p. 288.

2 " The Plutonic Rocks of Garabal Hill and Meall Breac," Quart. Journ.
Geol. Soc., vol. xlviii, p. n8.
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olivine, or of pure magnetite, may arise in igneous caldrons

by extreme processes of separation. The area discussed by
these authors contains rocks varying from a type consisting
of olivine and augite only, with a silica percentage of 38.6,
to a fine-grained granite with silica equal to 75.8 and potash
to 6. 5 per cent. The authors believe that the whole complex
series has resulted from one original lava-basin.

On the other hand, we are now ascertaining how the

intrusion of an igneous rock into an older one often remelts

the latter and allows of the most intricate and delicate inter-

mingling of the materials of the two. At times only certain

of the constituents of the invaded rock become melted
;
and

then the invader, in a liquid state, penetrates in between
the remaining crystals, uniting with the remelted matter and

finally crystallising as a new groundwork to the rock. Here
we have a composite rock-mass produced, of a very puzzling
character. Without careful study in the field, and a series

of microscopic sections, we could not possibly work out its

mode of origin. Occasionally the results are extremely de-

ceptive, and give us serious warnings as to concluding rashly
on the origin of porphyritic crystals. In one case 1 a fine-

grained but porphyritic granite has intruded into a large

dyke of andesite. The glassy groundwork and the pyroxenes
of the latter have partly melted, and the molten highly sili-

cated rock has penetrated in among the small unmelted

plagioclases. But the porphyritic crystals of quartz and

orthoclase, which were already floating in the invading mass,
have been carried into the yielding sponge-like substance of

the partly melted andesite. When all has cooled again to-

gether, the general effect of the new mixed rock is still that

of a dark andesite
;
but it has become stuck full of con-

spicuous crystals of quartz and flesh-red orthoclase.

The conclusion is that similar processes of admixture and

interpenetration may go on on a large scale underground.
Professor Sollas 2 has argued that any separation of the

material available for the manufacture of igneous rocks has

already taken place during the consolidation of the earth's

crust
;
the remelting of one of these layers by local causes

1 G. A. J. Cole,
" On Derived Crystals in the Basaltic Andesite of Glas-

drumman Port," Trans. Roy. Dublin Soc., vol. v, p. 239.
2 " On the Volcanic District of Carlingford and Slieve Gullion, Part I.,"

Trans. Roy. Irish Acad., vol. xxx (1894), p. 509.
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would give us a well-marked type of rock in any lava-basin

that might be established. The inflowing of material from
another layer before the first was exhausted might produce
a mixed rock of intermediate composition; or, if the new
material entered after the first had been extruded in the

form of lava, the character of the eruptions on the surface

above the caldron might become abruptly changed.
But we must not now attempt to follow out these some-

what speculative trains of thought. We have at any rate

seen the interest of any observations that we may make on the

contact of one igneous rock with another, or on the occur-

rence of different bands in the same dyke or intrusive mass.

Day after day we may revisit our granite or our gabbro
highland, and note the variety of its mineral characters from
one end to the other. Dykes and seeming offshoots must be

traced, if possible, to their parent mass. Lumps of other

rocks that have been picked up by the invader must be

studied, with a view to seeing if any have been partly or

wholly absorbed
;

for such an absorption would naturally
cause a local variation in the characters of the intrusive mass.

And all day long in our researches our feet are wandering on
the bare rock or the heather, or on the crisp short mountain-

grass ;
the clouds drive up the great valleys beneath us and

creep across the wind-swept cols; and the crumbling tors

upon the ridges seem dead and coldly crystalline, and are

damp even at noonday with the penetrating mountain-dew.
Yet before us rises, like a grim and fantastic vision, the

picture of the seething and struggling of this ancient

caldron, buried four or five miles underground ;
and in the

bared slabs of granite, seamed with dykes and veins, the

earth has yielded up another of its secrets to us.



CHAPTBE VIII

THE ANNALS OF THE EARTH

WE have hinted that the age of igneous rocks can in some
measure be discovered by examining their relations to the

surrounding strata. If they intrude into the latter, their

date must be later than that of the deposition of the strati-

fied rocks. If, however, the igneous masses are overlain by
beds which contain pebbles worn from them, they must be

distinctly older than those beds. If, again, tuffs and lavas

lie among strata in regular layers, being thus, as we say,
" interbedded

"
with them, the igneous series and the strata

are of the same geological age.
But how shall we discover to what period of the history

of .the earth these stratified rocks belong ? How shall we
divide up the long past ages of which we have no written

records ?

It is clear that in any limited district we may be able to

work out the order of succession of the deposits. Where
one group of strata is lying upon another, and where the

rocks do not appear to have suffered from any great dis-

turbance of the earth's crust (see Chapter X), it is obvious

that the upper beds will be newer than the lower. When
they lie, like courses of masonry in a fair building, evenly

upon one another, we say that they are conformable, and

that they have been deposited steadily in the same great
hollow of the crust

; probably this area was slowly sinking,
and thus allowed room for each fresh stratum spread upon
it. Where, however, one set of rocks has been uptilted and

denuded, a second set being deposited across its worn-down

edges, we say that we have an unconformable junction, or an

unconformity (fig. 20). Every modern beach is thus un-

conformable to the shore on which it is being laid down.
In our walk along the shore (p. 95), we saw a junction of

this kind, where sand and boulders were accumulating across

the ribs produced by the upturned edges of old strata.
3l6
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An unconformity may thus be visible at a glance in a

quarry or in a cliff-section
;
but in many cases it may be

necessary to trace out the junction for some miles, the

degree of tilting of the lower series of beds being but slight.

However, the irregular and worn surface of that series will

often be a guide ;
and a still surer piece of evidence will

be furnished by the discovery of pebble-beds in the upper
series, formed of materials derived from the lower series.

It is obviously not necessary, in that case, that the contact

between the two rocks should actually be visible at any
point. If one rock contains pebbles worn from another,

unconformity, whether local or far-reaching, is proved satis-

factorily, though the true plane of junction may never be

discovered.

Unconformity commonly originates in the raising of strata

until they come under the influence of ordinary agents of

denudation. They thus form a local land-surface, while

deposition goes on elsewhere. At some later time, submer-

gence takes place, and strata are laid down in the excavated

hollows of the hills, and finally even across their ridges.
There has been, however, a marked interval between the

two series, of which no record, beyond, perhaps, a few ter-

restrial deposits, has been preserved. To fill up this gap,
we must go elsewhere, to some region where elevation did

not take place at the same time. Hence, could we know the

whole world, we could compile a complete history from its

stratified deposits, every local unconformity being represented

by a conformity somewhere else.

Occasionally, as the Challenger observers have found,
even in water 1700 fathoms deep,

1 the soft but partly con-

solidated sea-floor may be disturbed by currents and may
become broken up, irregular lumps of the beds that were
formed under conditions more favourable to deposition

becoming rolled along and banked together, finally to be
covered by a new stratum. This is a special case of uncon-

formity, the cause of which has been a change in the direc-

tion of currents, and not an upheaval of the sea-floor. In
this way, in the " Carboniferous limestone

"
of County Dublin,

lumps of a similar rock occur, evidently derived from the

underlying beds of the same series
;
remains of corals, sea-

1 See W. F. Hume, "The Genesis of the Chalk," Proc. Geol. Assoc., vol.

xiii, p. 231.
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lilies, &c., may be found within the lumps, and other

examples of the same species may have used these rolled

blocks as a basis for their growth. In such a case the

unconformity must be fairly local in character. The whole

series of strata is, indeed, conformable, when judged by the

regularity of its bedding ;
and no long interval is represented

by the phenomena of the blocks derived from earlier layers.
Sometimes two or more unconformities may occur in a

small space of country. Thus on the shore at Skerries, in

the north of County Dublin, the sea has exposed a series of

altered shales, which we will call A
;
a limestone series, B ;

a gravel series, C
;
and it is also here and there depositing

the present beach, D. The tilting of the beds A and B does

not correspond, so that we suspect an unconformity, although
the water covers the actual junction. The case is proved,

however, by the occurrence of a magnificent old beach in the

series B, formed of great flaky pebbles worn from A. A
little farther south, certain beds of B have been churned up,
as described on p. 21 7, giving us a second unconformity, but a

purely local and trivial one. In the little cliff above, on the

other hand, a very obvious unconformity is seen between B
and the gravels 0, the latter lying across the edges of the

beds B, while the surface between has been ground down
and striated by glacial action. C contains scratched blocks

derived from both B and A, together with a number of

materials borne by ice and rivers from distant areas. Finally,
the modern beach D is being formed from the decay of all

the preceding deposits, and in places resembles, repeating
the details with the most interesting accuracy, the very
ancient beach exposed in contact with it on the surface of

the series B. Thus in three hundred yards or so we have

three principal unconformities, and one trifling one, the latter

being due to local changes in the conditions under which the

strata B were being deposited.
In an unconformable junction, the lowest bed of the

upper series crosses, as we have said, the worn-down edges
of the lower series

;
and this bed is said to successively over-

step
1 those beneath it, one after another (fig. 20). Again,

in the basin-like hollow of a sea or lake, particularly if its

floor is sinking, each successive stratum of the upper series

1 This term is due to Mr. J. G. Goodchild ; see also Jukes-Browne,
"Physical Geology," 2nd edition, p. 548.
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extends farther across the lower and unconformable series

than does the stratum which lies immediately below it and
in conformity with it. Thus the first stratum of the upper
series occupies only a small area on the floor of the hollow

;

the next, resting conformably on it, spreads more widely ;

and this increase in the area of successive layers becomes
the more marked, if the shore against which they are de-

posited is a gently shelving one. If the coast drops down-

ward, on the other hand, in a vertical wall, as in some

Norwegian fjords, this difference between the layers is of

course abolished. The spreading of any one layer of a con-

formable series beyond the limits of the underlying layer or

layers of the same series is spoken of as overlap (fig. 17).

FIG. 20. UNCONFORMABLE JUNCTION, WITH OVERLAP AND OVERSTEP.

The series A-D is unconformable to the series 1-6, &c. D oversteps succes-

sively i, 2, 3, &c. C overlaps D, and is overlapped by B, which is in turn

overlapped by the youngest bed, A.

Thus in any one district the relative ages of rocks,

whether sedimentary or igneous, can be fairly made out,

and we can even learn a good deal as to events which took

place between the formation of one series and another.

But what we want is to be able to go up to a rock-mass in

any region, and to discover from its special characters the

period at which it was constructed. It is improbable that

we shall ever be able to do this in the case of igneous rocks,

seeing that lavas and intrusive masses do not seem to have

changed their nature from the time of the earliest eruptions
until now

;
and all attempts to classify such rocks accord-

ing to their geological age have hopelessly broken down.

Similarly, sandstones and clays and limestones seem to have

existed in all times, and a limestone may be deposited in

one part of a sea while a sandstone is being deposited simul-
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taneously in another. Even the crystalline rocks called

schists and gneisses (Chap. X) may belong to very different

Thus we say that, in the case of any rock,
"
lithological

characters," i.e., the nature and structure of the stone

itself, are useless in assigning it to its place in the annals

of the earth. We have now, however, another and a

remarkable guide, which we can employ in any quarter of

the globe.
We are all acquainted with fossils (Plate X). By this

term we now mean the remains of any plant or animal

that are found included in a rock. 1 We must use our

discretion as to how far we should apply the word "
fossil

"

to modern cases of entombment. A goat might become
involved in a recent mud-flow on the flanks of a mountain ;

the rootlets of living plants, again, penetrate a long way
down into the crevices of rocks

;
but neither of these cases

gives rise to fossils in the generally accepted sense. Some
fossil shells have preserved even their lustre, while the

calcium carbonate of others has actually become changed,
molecule by molecule, into some other chemical substance.

Silica, iron carbonate, iron sulphide, and gypsum, are thus

found actually replacing the original shells or hard parts
of many organisms ;

and silicified tree-stems are well known
from many parts of the world. Very often, all that is left

us is a cast, formed by the fine particles of the rock itself,

which have penetrated the hollows of the shell or skeleton

and have taken an accurate mould of them. Clay forms

excellent internal casts, and the fine limestone-mud associated

with shell-banks has a similar effect. Often the substance

of the fossil itself has become dissolved away, after its en-

tombment, and a hollow space has arisen
;
but the envelop-

ing and consolidated rock has at the same time taken an

external cast of the fossil, from which many of its characters

can be ascertained. Moreover, an internal cast may have

been formed as well, which is generally fixed to the sur-

rounding rock at the points where the material penetrated
into the hollow of the shell. In some cases, however, the

solution of the shell leaves the internal cast to rattle loosely

1 Up to the earlier years of the present century, a "fossil" meant

anything dug up (fodio, fossum) out of the earth, and the objects to which

the term is now restricted were called "organised fossils."
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inside the external one, and to fall away when we break

open the block of stone.

Excellent internal casts can be seen in the rougher
beds of Portland limestone, known as the "Koach bed."

The objects called the "Portland screw" are the internal

casts (fig. 21) of a long spiral gastropod shell, a Cerithium;
and casts of a bivalve mollusc, Trigonia, are also frequent.
In the latter, the depressions where the muscles were
attached to the shell are of course represented by raised

oval patches, and the teeth of the hinge, which are beauti-

fully ribbed with fine ridges, are recorded in reversed pat-
tern on the cast.

Casts are most common in sandstones, owing to the

permeability of the material, and are

frequently the only indications of fossils

throughout the rock. In clays, on the

other band, even the most delicate fossils,

such as foraminifera decorated with fine

spines, are generally well preserved.
Internal casts are often formed of

marcasite, so that we have a mould of

the fossil apparently modelled out of

shining brass. These handsome speci-
mens are unsatisfactory for collections,

since so many, in the course of years, FlG 2 i. INTERNAL

go to pieces through decomposition of CAST OFA CERITHIUM,
the iron sulphide (see p. 17).

PORTLAND STONE.

Fossils, we should also note, often serve

as a centre round which chemical substances present in the

rock collect. Concretions are thus formed, which are com-

monly harder than the rock itself, and which are seen sticking
out on quarry-sections, or on cliffs, along the lines of bedding.
At Whitby, for instance, where every visitor learns to be

interested in geology, the concretions of calcium carbonate

in the shales are pretty certain to reward the fossil-hunter.

They can be broken open by the hammer along the bedding-

planes that pass through them, and most frequently a

perfect specimen of an ammonite is found lying, brown
and lustrous, in the middle.

While dealing with fossils, we may perhaps note how
even the tracks and footprints of animals (p. 104) may be

preserved by the gentle deposition of a stratum above that
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in which the impressions were made. Similarly ripple-

marks, water-groovings, sun- cracks, and rain- prints are

often exquisitely "fossilised." Usually the footprints can

be best studied on the under- surface of the covering bed,

on which they stand out as casts. Worm-burrows, again,

may be filled up by fresh sand, perhaps of a different colour

to that in which the animals bored
;
and such traces of

worms are sometimes the only evidence left to show us

that life existed in the area in which the beds were being
laid down.

Fossils must long ago have been observed by the

primitive peoples of the earth, and may have been regarded,
like meteorites, with a certain amount of reverence. Mr.

Worthington Smith 1 records a case where the body of a

girl, in a tumulus of the bronze-age near Dunstable, was

found surrounded by 158 sea-urchins collected from the

Chalk, more than half of which were perfect specimens.
It is probable, then, that some mystery was held to attach to

these strangely shaped objects in the earth.

The ancient Greeks recognised that fossils were the

remains of creatures which once lived in the places where

they now are found. They saw that, from one cause or

another, land and sea had changed places, and that marine

shells had often been left high and dry.
2 It seemed, how-

ever, difficult to conceive that a sufficient number of changes
had gone on to account for the great variety of beds of

rock crammed full with animal remains. Aristotle, in the

fourth century B.C., thought to help on matters by suggesting
that the earth itself contained a mysterious force within

it, whereby animals grew in moist rocks, which subsequently
consolidated and enclosed them. Such animals, we may
presume, were like the toads that are sometimes found in

hollow stones, living and breathing, but never seeing the

world around them. We now know, however, that such

toads have entered the hollows of the rocks in an infant

form, and subsequently have grown to larger size. This

idea of the development of animals in the earth itself spread

very widely, and formed one of the chief errors that early

1
Nature, vol. xliii (1891), p. 320.

2 See Sir C. Lyell, "Principles of Geology," opening chapters; and O.

C. Marsh, "History and Methods of Palseontological Discovery," Nature,
vol. xx, pp. 494 and 515.
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geologists had to fight against. Even in the eighteenth cen-

tury, opinion was greatly divided on this point ;
and the teach-

ings of Professor Beringer of Wtirzburg seem to have been
in favour of the plastic force as recently as 1726. The
solid globe was supposed to be like an Italian image-maker,
continually turning out pattern after pattern and copy after

copy, some of them like things in heaven or earth, and some
of them entirely works of fiction.

Professor Beringer went so far as to publish a book
entitled "

Lithographic Wirceburgensis, ducentis lapidum
figuratorum, a potiori insectiforminm, prodigiosis imaginibus
exornatae specimen primum," in which he represented, on

twenty-one small folio plates, some of the most extraordinary
fossils ever discovered in his or in any other district. This

work, which was guided and inspired by Beringer, appeared
under the name of Hueber, a student of the University, for

whom it served as a thesis for his Doctor's degree.
1 The

drawings include a variety of insects with extended wings,

spiders with their webs, crustaceans and slugs, and a few

respectable-looking shells. Vertebrates are represented by
frogs, fishes, and (plate iv) the most grotesque birds, two
of which have eggs lying beside them. Flowering plants
are also figured ;

but the greatest marvels are certain stones

bearing carvings of the sun and moon, comets and stars, and

finally even Hebrew letters (plate vii) in relief. These

letters, including the name of Jehovah, were found occasion-

ally on the surface of marine shells. One would have thought
that such wonders would have raised suspicion in the minds
of their discoverers

;
but young Dr. Hueber defended them

as being the work of Nature, and as being intended for the

spiritual edification of his compatriots.
2

Unfortunately, the whole series of specimens proved to

be manufactured by a humorous ex-Jesuit named Eodrick

(? Eoderick), who was tutor to the children of one of

Beringer's colleagues. This ingenious if unscrupulous man
hired small boys to bring the "fossils" to the professor,

asserting that they had found them in a neighbouring hill.

When Beringer very properly wished to investigate matters

1 See Ph. X. Leschevin,
" Notice sur Lithographia Wirceburgensis, et sur

la mystification qui y a donne" lieu," Magasin Encyclopedique, tome vi (1808),

p. 116.
2 "

Lithographies Wirceburgensis, &c.," p. 70.
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on the spot, similar "
figured stones

"
were buried ready for

him to find. When Hueber's work appeared, the explana-
tion of the fraud, and the apologies of its author, came too

late to save Beringer from ridicule. He bought back as

many copies of the book as he could procure ;
but these and

the remaining stock were somewhat cynically reissued, with
the suppression of Hueber's preface and under Beringer's
own name, after the death of the unfortunate but credulous

professor.
It is probable, however, that we all, like Beringer's ac-

quaintances and pupils, have pulled out sufficiently remarkable
fossils for ourselves from the solid rocks. If we go, for in-

stance, to the vales of Derbyshire, we find whole blocks of lime-

stone composed of shells. These stand out on the weathered
surfaces

;
and we also see numerous cylindrical bodies, with

a hole down the centre, which are pieces of the stems of

sea-lilies
;
and curving fragments of bivalve shells, which

belong to a class known as the Brachiopoda ;
and spirally

coiled univalves, representing an early type of Gastropod.
In a holiday in Dorsetshire, again, we may find looser yellow
limestones and white chalk, in which the shells are still more

beautifully preserved ;
and in the Isle of Wight, particularly

at Totlands Bay, there are clays and sands from which we
can detach the fossils with our fingers. We may make col-

lections at all these places, and may keep them in separate
drawers when we go home. If we compare them carefully,
we shall notice that the kinds of fossils from any one of

these localities are not the same as those from either of the

others
;
after a little time, we might be able to mix them up,

and then sort out those from the grey limestone of Derby-
shire, the softer limestones of Dorsetshire, and the sands of

Totlands Bay, by recollection of their special characters.

But, if we go to the fine quarries above Cheltenham, we
shall find many of the same fossils as occur in the yellow
rocks of Dorset

;
if we go to the flanks of the Mendip Hills,

we shall find others agreeing with the shells of Derbyshire ;

and hence we see that the same kinds of fossils occur in

widely different districts.

For purposes of recognition, geologists, like zoologists
and botanists, have to give each distinct kind of plant or

animal a name
;
and these names have to be of such a char-

acter that people in any civilised nation can make use of
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them. By common consent, the classical languages, Greek
and Latin, have been used as the foundation for such names

;

and, until recently, Latin was the language commonly used

when any book was intended to be read in more than one

European country. Plants and animals are grouped, as we

know, into great
"
classes," and then into " orders

"
;
and

then these are divided into "
families." Each family contains

one "genus," or a number of "genera," and each genus
consists of one or more "

species." When we wish to refer

to a particular species, which has been described by some
observer as distinct in one or more of its characters from all

other species, we use the name of its genus, followed by that

assigned by its discoverer to the species. For instance, there

FIG. 22. Pccten Beaveri FIG. 226. Pecten cinctus(\3r- FIG. zzc. Pecten

(Cenomanian stage, Ore- gonian stage, .Cretaceous islandicus (Re-

taceons period). period). cent period).

is at present living a series of bivalve molluscs which are

placed in the genus Pecten, a name referring to the comb-
like markings or ribbings on their surface. Among these,

sufficient differences have been observed to necessitate their

grouping into more than a hundred species, such as Pecten

maximus (the Scallop), Pecten nobilis, Pecten opercularis, &c.

(Compare figs. 22a, 22b, and 22c.) In each case, the second

name is, as we say, "specific."
Hence we have to go with our fossils to the zoologist or

the botanist, before we can give them proper names. But

again and again we find that no living species is quite
like our ancient specimen, and we learn that very many
species have disappeared from the surface of the earth, or

P
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have become extinct. Thus there are about four times as

many extinct species of Pecten as there are living ones.

Moreover, a great number of our fossils cannot be fitted

into any existing genus, and even many families and orders

are only known from fossil specimens. Could we continue

to push our observations over the rocks of the whole of our

islands, we should soon become convinced of the extensive

changes that have taken place in the prevalent kinds of

animals and plants since the dawn of life upon the globe.
The assemblage of animals living in any district at the same
time is called its fauna, the assemblage of plants being called

its flora. We should find in time that whole faunas and
floras of past ages had become entirely extinct.

The fossil fauna of the Derbyshire limestone occurs, as we
have seen, in parts of the Mendip Hills

;
that of part of the

Dorset coast is repeated in the Cotteswolds. It was reserved

for a hard-working and observant land-surveyor to piece

together such facts as these, and to read from them for the

first time the annals of life upon the globe.
William Smith was born in western Oxfordshire in

1769,* high up on the plateau of the Cotteswold Hills, and
must have been familiar from his childhood with a rich

variety of fossils, which roll out into the roadways from the

limestone cuttings, and which are even used for making
the roads themselves. Brachiopods and lamellibranchs and

cephalopods, well preserved starfish and sea-urchins, must
have convinced him very early of the former extensions of

the sea ;
and we may picture him wandering down the steep

lanes to some particular quarry for one kind of fossil, and
across the windy fields upon the ridges for some other of

which he knew the exact locality.
We know, at any rate, that at about the age of twenty-

one Smith had discovered that fossil faunas succeeded one
another in regular order. Certain assemblages of fossil

species were always, as he showed, to be found underlying
other distinct assemblages ;

in other words, strata could be

identified ~by the fossil faunas that they contained.

Thus, in section after section, he observed that one set of

fossils, which we will call A, was followed, as he went up-
wards in the series of strata, by a set that we will call B, and
this by a set C, and this by a set D. The order was con-

1 John Phillips, "Memoirs of William Smith, LL.D.," 1844.
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stant. Even if, from some local cause, B was missing, C
would be found resting upon A. After gathering a large
amount of evidence, William Smith found that the occur-

rence of fauna C, for instance, would enable him to predict
that fauna B or fauna A lay somewhere down below. Hence
the past history of life upon the globe was marked by a
succession of faunas, and the observation of any one of these

by itself would enable us to say that the rocks containing it

were made at such and such a period of that history.
In this way the annals of the earth were laboriously

compiled. William Smith extended his experiences, while

working as a civil engineer on the Somerset Coal Canal
;

whether lodging in some country-inn, as at Dunkerton, or in

his own house at Midford, he became thoroughly acquainted
with the fossiliferous strata around Bath. In those days, the

modes of travelling encouraged observation of the country.
Hills and valleys were important features to the post-chaise
or the coach, just as they are to the modern cyclist. The
traveller could look far ahead, without, as now, the risk of

receiving coal-dust in his eye or of having his head taken off

by a bridge-pier ;
and the colour of the cuttings or of the

distant quarries could be traced from ridge to ridge across

the landscape. In leisurely driving, hills might be walked,
and rocks might be examined along the roadside

; and quaint
local specimens could sometimes be picked up on the chimney-
pieces of wayside-inns. In traverse after traverse of England,
Smith assured himself of the truth of his doctrine of regular
succession

;
and he gave names, as Professor Werner had

done in Saxony, to the several sets of strata that he came
across. In 1 800 he made a memorable journey, on behalf of

Mr. Coke, to Holkham in Norfolk, where he busied himself in

resisting the inroads of the sea by constructing protective
banks. We can picture his keenness as he ascended the

great plateau of the Cotteswolds above Bath, crossing his

"Under Oolyte
" and "Great Oolyte" limestones, and as he

traced out his well-marked divisions into the district of the
" Oak Tree Clay

"
near Oxford. The long ridge of " Green

Sand "
and "

Chalk," capped by its dry plains,
1

lay upon
his right; and finally these also had to be surmounted as

Cambridge was approached. Still moving north-eastward, he

1 William Smith, "Memoir to the Map and Delineation of the Strata of

England and Wales" (1815), p. 42.
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came across the barren heaths of Suffolk and Norfolk, where
the decay of the Chalk strata has covered the country with

angular Hints and sand, giving rise to what Smith calls
" the

greatest breadths of poverty and wretchedness." Doubtless

his wheels sank into the loose and almost abandoned roads,

which are hardly likely to have been better than the tracks

of west .Suffolk in our own time. And finally he came over

the rim of the Chalk again, and saw the modern sandy
reaches stretching at the foot of Holkham woods, and the

cold line of the North Sea breaking on them, and arranging
new strata on the shore. A journey of this kind was to him
full of a sober joy, and he went forward map in hand, with

the scheme for a " delineation
"

of our strata already in his

active mind.

Naturally, he made some mistakes as to the order of

superposition of certain beds. Where a set of strata appeared
to him resting on another set below, he might easily have
overlooked some unconformity that had occurred, and have

placed the two in direct succession. The beds that properly
filled the gap might be discovered elsewhere, and might come
to be placed in his classification above those with which he

had first become acquainted. But in time he produced a

convincing work, illustrated by Sowerby, entitled " Strata

Identified by Organized Fossils," of which four parts alone

were issued. These are now rarely met with, but they
effected their purpose in a very few years. About the same
time (1815), Smith received Government assistance towards

the construction of his great map of England and Wales, on

which his principles of the classification of strata were dis-

played. The areas occupied by the various divisions of the

strata were coloured with washes bearing some resemblance

to the colours of the actual beds a plan that has ever since

been adopted by the surveys of the British Isles.

Thus the great discovery, first circulated by Smith in

manuscript in 1799, became* open for the approval and criti-

cism of all. The foundation of what we now call strati-

graphical geology was firmly laid by this busy professional

man, who, but for his open-air studies, might easily have

remained merely a successful civil engineer.
Smith chose the names of his series of strata mostly on

account of their local peculiarities, or from terms used by

quarrymen and farmers. Sometimes a district gave its name
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to a series, and this plan has since been widely followed.

No uniformity is discoverable, however, in the names em-

ployed by any geological survey ;
and many of our British

terms have become translated and adopted by every foreign

country. Of late years, an agreement with regard to some

points has been arrived at, for mutual convenience, by means
of the International Geological Congress ;

and the following
terms have been put forward for divisions of stratified rocks

and for the periods of time occupied in their formation.

The largest divisions of strata are styled, on this con-

ventional plan, Groups. These are divided into Systems, and
each system is divided into Series. These again are formed
of Stages. The time-divisions corresponding to these are as

follows :

Stratigraphical Divisions. Time-Divisions.

GKOUP. ERA.
SYSTEM. PERIOD.
Series. Epock.

Stage. Age.

It must not be supposed, however, that each stage, or

series, or system, or group, took the same time to accumu-
late as any other stage, series, &c. The extent to which,
from our studies in the field, we agree to subdivide any
particular division of the stratified rocks depends greatly

upon our detailed knowledge of it
;
and thus the stages of

the later groups, the beds of which are so much the most
convenient to study, represent briefer

"
ages

"
than many of

the older ones. A whole system, moreover, may sometimes
be established in a country where two unconformities, one
above and one below, cut it off sharply from the other systems ;

but subsequent research may show that in some other country
this system is so closely and continuously connected with the

one above or the one below that it would not have been
worth while to distinguish it by a separate name, had obser-

vation commenced in that particular area.

The one principle of classification on which we now rely
is that fossil faunas are to be our guide, and not the litho-

logical character (p. 220) of the beds in which they lie. The
fauna of one district may have spread only slowly to another,
so that strata containing the same fauna were not necessarily

deposited at exactly the same time
;
but this will not affect
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us in assigning
"
ages

"
to the beds of any particular area.

Species, moreover, varied, as they do now, from point to

point, and we must thus, in our classification, regard the

general aspect of a fauna rather than its minutest details.

Some genera, and even species, have managed to persist

through such a long succession of periods that they are of

no value in classifying strata
;

others arose and vanished

away in so short a time that they mark out "ages" very

precisely. Where a fossil species occurs abundantly along
a particular bed or set of beds, being restricted to it, or

being only poorly represented above and below, we say that

it marks a zone. We can thus speak of "the zone of Actino-

camax plenus" (see Chapter IX), or "the zone of Pentamerus

oblongus"

By common consent, marine types of life have been used

as the most convenient means of classifying strata. Fossils

are rare in fresh-water deposits, and terrestrial deposits are

very seldom preserved. A good deal of our knowledge of

the land-animals of the past is, indeed, derived from the

fact that their remains have been washed down into the

strata which were forming on the shore. Marine beds, on the

other hand, quickly and securely entomb any dead shells and
bones that become mingled with them, while the abundance
of life in the sea gives us plenty of material by which we can

judge the character of the fauna.

In the later chapters of this book, we shall have frequent
occasion to speak of the "systems" established by geologists ;

and their names, thanks to the writers of popular works and

guide-books, are beginning to be fairly familiar as house-

hold words. Considering what vast eras are covered by the

annals of the earth, as written in its fossil faunas, it is im-

portant to have some means of referring to particular periods.
I am afraid, then, that the following table should be com-
mitted to memory ;

it is not more difficult than the lists of

kings which we have to deal with in our studies of human

history, and it represents a series of facts of vastly wider

meaning, facts which, indeed, form the foundation of the

history of every nation in the world.



PALAEOZOIC
or

PRIMARY.
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formed entirely of Archaean rocks, which appear also on
the opposite mainland as a floor on which later mountains
have been reared. The wild and weather-worn surface of

Scandinavia probably offers us the largest European area

over which Archaean masses are exposed; and the similar

rocks of Scotland, and perhaps patches in north-west Ire-

land, may be regarded as a continuation from Norway along
the edge of the continental plateau.

II. The PALEOZOIC era is that of "ancient life." Even
at the base of the group, there is a great variety of fossil

forms, which justifies us in searching diligently among the

Archaean rocks for still earlier types of life.

The Cambrian period has probably now been most

successfully studied in Bohemia and in the north-eastern

states of America; but it derives its name from the Roman
name for Wales. The black shaly beds on the moors north
of Dolgelley, particularly in the boggy hollows north of

Rhobell-fawr, contain numerous Cambrian fossils, which are

best seen when the surface of a specimen is held obliquely
to the light.

The " Silurian
"

system, named by Murchison after

the Silures, who lived in South Wales and the Marches,
was divided into a Lower and an Upper series. The former
was also called "

Upper Cambrian," and some controversy
arose over these names. Professor Lapworth proposed in

1 879 to call the Lower series
"
Ordovician," and Professor

de Lapparent in 1893 proposed
" Gotlandian

"
for the Upper

series. The adoption of both these terms at any rate

prevents confusion.

The Ordovician period takes its name from the Ordo-

vices, a tribe that formerly inhabited North Wales. Snowdon
is formed of tuffs and lavas ejected in Ordovician times

;
and

brachiopod shells occur in the shales upon its very summit.
The Gotlandian period is named after the island of

Gotland in the Baltic. The whole of its stages are beauti-

fully seen around the town of Ludlow, and fossils are simply
abundant in the shales and limestones. A small patch of

Gotlandian limestone at the Wren's Nest, near Dudley, has

proved the most famous British collecting-ground ;
but in

Bohemia, and the island of Gotland, the fossils are still more

richly preserved. The handsome ridge of Wenlock Edge,
sloping away eastward on the Bridgenorth side, and dropping
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steeply towards Church Stretton and Shrewsbury, is capped

by the highest Gotlandian shales
;
the great scarp, through

which the road-cuttings have been made, is formed of

Middle Gotlaiidian limestones
;
and the long and gentler

slope below has the earliest Gotlaudians at its base.

The Devonian system is mainly represented by fresh-

water sandstones in the British Isles, and its marine type
is best observed in Belgium. Devon itself, however, con-

tains a complete series of marine strata, the "
Plymouth

Marble "
being notable among them. This delicately tinted

rock makes the buildings and walls of Plymouth glorious
after a dash of rain, the pink veins of calcite shining then
across the grey masses of the limestone. Bent and injured
fossils are commonly seen on polished surfaces of this rock,
and corals are particularly abundant.

The sandstones formed in the great lakes of the period
come up in the centre of the Mendip Hills, but are far more

finely seen in the Breconshire Beacons away west. The
roadside cuttings in Herefordshire constantly expose these

beds, and they cover large areas in Scotland.

The Carboniferous system gets its name from the im-
mense amount of coal that occurs amid its higher beds.

Plant - life seems to have flourished with extraordinary
abundance, and the forest-deposits and drifted snag-banks
accumulated to form the most important industrial strata of

the world. These deposits are, of course, terrestrial and

estuarine, but in many areas the lower series are marine.

In Scotland, however, the whole Carboniferous system is

estuarine, while in India it is marine throughout.
The lowest Carboniferous series includes great beds of

limestone, which are well known in Derbyshire and in the

west of Yorkshire, and which are crowded with marine fossils.

These strata weather out in huge steps across the landscape,

giving a terraced character to the hills. In Ireland, similar

features are noticeable in the west, while the central plain is

formed also of Carboniferous limestone. Its hollows are

occupied by broad lakes, with gently sloping shores; and

every here and there the general level is broken by some

ridge of Ordovician strata, the weathered-out crest of an
island round which the Carboniferous sea once flowed.

In England, great sandy beaches usher in the estuarine

and terrestrial series, and the true " Coal-Measures
"
are at
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the top of the system. The Forest of DeaD forms an interest-

ing tableland, with the whole system exposed upon its flanks.

On all sides we climb up from the sandstones of the Devonian

lake, across the Carboniferous Limestone and the central

grits, to the capping of shales and coal-seams. The mines
are hidden away in a tangle of old woodland, through which
the footpaths wander, just as they may have done in the days
of Caractacus and Cymbeline. It is a curious high region,
still cut off, as it were, from modern Britain.

But the central "coalfields" of England are crowded with

grimy villages, while the fume of their chimneys blackens the

air over thousands of square miles. At night the sky is ablaze

with the flare of iron-furnaces, while red-hot flows of slag
run down the heaps like lava-streams. And then suddenly
we leave this busy country, with its encroaching spoil-banks
and its blackened stems of trees, for a land of green fields

and apple-orchards white with blossom, of half-timber farms
and churches with square Tudor towers and we know that

we have passed beyond the Coal-Measures to some innocent

overlying or underlying series.

In the north of England, the coals are often worked in

hollows between folds of unproductive moorland; and the

great grits and limestones of the Pennine Chain rise up thus

to form a pure mountain-area between the gloomy coalfields

of Lancashire and west Yorkshire.

The Permian system is insignificantly developed in Eng-
land, and is only in part marine. In the south it is represented

by red beds of conglomerate, containing many angular frag-

ments, such as may easily have accumulated on a land-

surface. These strata form the well-known red coast round

about the mouth of the river Exe, and extending away to

Teignmouth and Torquay. The system was named from
Perm in Russia; but in most places it is convenient to

regard it as a mere continuation of the Carboniferous.

This sixth system concludes the Palaeozoic group. The
faunas are throughout markedly different to those of the

present day. It is important to note that in the Cambrian
beds the highest forms of life known to us, the lords, indeed,
of the Cambrian world, are the Trilobites (fig. 23), which
were comparatively small marine creatures allied both to

the scorpions and to the humbler orders of crustaceans.

The earliest known fishes are Gotlandian, and were protected
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by a firm bony armour. They found powerful rivals in

the successors of the trilobites, "sea-scorpions" some four

feet long. In the Carboniferous period, however, the fishes

had asserted themselves, and a few amphibian remains have
also been discovered. A great variety of shell-fish existed,

but the proportions of the several classes were very different

to what they are in existing seas. Thus in the Lower Car-

boniferous Limestone of Ireland we find that, out of 345
species of shell-bearing animals, 37.5 per cent, are brachio-

pods, 2 1.9 per cent, lamellibranchs, and 18.1 per cent, gas-

tropods. Out of 527 species recorded from modern British

FIG. 23. TRILOBITES, REPRESENTING AN EXTINCT GROUP OP ANIMALS PECULIARLY

ABUNDANT IN EARLY PALEOZOIC TIMES.

About half natural size. Nos. 5 and 8 are fragmentary.

we have: Brachiopods 1.3 per cent., lamellibranchs

32.6, and shell-bearing gastropods 48.
Not only the species, but most of the Carboniferous

genera are now extinct. If we examine the plants, we find

that forms now lowly and insignificant were then as large as

forest-trees. They had no rivals in the form of complex
flowering plants, and their simple and seemingly wasteful

methods of reproduction probably accounted for the rapid

spread and growth of forests across every continent.

In Permian times, reptiles began to appear, and became
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predominant in the Mesozoic era. Thus even as late as the

close of the long Palaeozoic era, or probably more than half-

way through the history of life upon the globe, it was a

struggle between reptiles and amphibians as to which should

possess the empire of the world.

III. The MESOZOIC or "middle-life" era opens with the

Triassic period. This name is derived from the threefold

division of the strata in central Europe, where we have a

fresh-water or terrestrial series above and below, with a

marine invasion in the middle. A second marine series is

now, however, included at the summit of the system. The
Trias is marine throughout in Tyrol and south-eastern Europe.
In our islands it is fresh-water or terrestrial (with the excep-
tion of the very highest series), giving us useful beds of salt

and gypsum, derived from the evaporation of lakes in a dry
climate. The soft current-bedded sandstones, pale pink and

red, and the red clays, that cover so much of England from
Chester to the base of the Cotteswolds, belong to the Triassic

system, and rest on Carboniferous and older rocks in striking

unconformity. At the top, as may be seen near Bristol and
in County Antrim, we have the return of the sea recorded

for us, and marine molluscs occur plentifully in white marls

and shales.

The Jurassic system is named from its excellent develop-
ment in the Jura Mountains

;
but its stages are usually named

after English localities, thanks to the start obtained by the

stratigraphical geologists of our own islands. We have three

series, the lower of which corresponds to the old British
" Liassic

"
system, the middle and upper series representing

what was called the " Oolitic" system. The Lower Jurassic

series forms the undulating lowland that stretches for 250
miles along the base of the Cotteswold Hills and their pro-

longations ;
it is set with clay-pits and occasional limestone

quarries, both forming good hunting-grounds for fossils, which
are often found replaced by marcasite in the clays. A large

part of the face of the Cotteswolds is also formed by Lower
Jurassic beds, while the steeper crest and the plateau, the home
of William Smith, consist of Middle and Upper Jurassic

limestones, with considerable masses of clay. Oolitic beds

(p. 1 10) are very common, and corals of modern aspect form
broad banks and reefs.

The soft oolite known as " Bath Stone
"

belongs to the
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Middle Jurassic series, and to the Bathonian stage ;
the still

more famous building-stone from Portland is Upper Jurassic,

and even French authors speak of the fitage portlandien in

its honour.

The close of the period was marked in England by
estuarine conditions, which gave us the Purbeck beds of

Dorsetshire and Sussex.

The Cretaceous system will be dealt with in some detail

in the next chapter, when we apply our mode of reading the

annals of the earth to one especial district. It takes its name
from the Latin creta,

"
chalk,"

l since that soft white lime-

stone is conspicuous in the upper series. The Chalk, indeed,

spreads across England from the coast of Dorset to Cromer,
and extends beyond the Wash to Flamborough Head. It

forms a broad and rolling country, the very type of which is

to be found in Salisbury Plain
;

its surface is bare, but for a

few tree-clumps, and everywhere shows flecks of dry white

rubble through the thin coating of brown soil. The white

cliffs of Albion are a noble feature of our Channel coast, and
are boldly repeated across the water by the similar masses at

Dieppe.
And with the Chalk the Mesozoic era also closed. At its

outset, we find a mingling of extinct and modern types of

life. The Trias contains molluscan genera from Carboni-

ferous and Permian times, side by side with others that are

still living and prolific. The great group of cephalopods
known as " ammonites

"
(fig. 29), with their coiled shells,

and with greatly folded partitions between their internal

chambers, commenced in the Permian of India and spread

rapidly in the Trias. Some molluscan genera which are re-

stricted in area and in number of individuals at the present

day flourished abundantly in early Mesozoic epochs for

example, Trigonia among lamellibranchs and Pleurotomaria

among gastropods. The most marked difference between
Mesozoic times and our own lay in reality in the character

of the vertebrates. The fishes had laid aside much of the

bony armour that characterised them up to Permo-Carboni-
ferons times

;
but the modern type of fish, with a fully de-

veloped internal bony skeleton, did not appear in force until

the Cretaceous. Mammals came in, in a very humble way, in

1 Creta was a white earth from Crete, an early example of a locality giving
its name to a rock- species.
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the Triassic period, and remained, strange to say, extremely
subordinate, and of the lowest types, until the close of the

era. The real lords of the Mesozoic earth were the reptiles,
of which we shall see something in our researches among the

Surrey Hills. These predominant animals were fairly high
up in the scale of life, but were not remarkable for their

brain-power. A few quaint birds have also been traced
;
so

that all the great modern classes of life were represented.
The Mesozoic plants remained for a long time of lowly

character; but a somewhat rapid change set in about the

middle of the Cretaceous period. The flowering plants and
modern trees then began quickly to replace the old conifers

and tree-ferns, and for the first time wild-flowers added their

colours to the landscape. Marked as was the advance in

life-forms, if we compare the highest Cretaceous stage with

the highest Permian, there were many changes still in store

at the dawn of the Cainozoic era.

IV. The CAINOZOIC or " recent life
"
era is the only one

that is divided upon a uniform and systematic plan. Sir

C. Lyell, in I833,
1
proposed a series of names based on the

number of molluscan species which occurred both in the

Cainozoic systems and in a living state in existing seas. He
thus gave us a Pliocene system (TrXetW and /caivos, "more
recent "), in the upper beds of which 95 per cent, of the

molluscan species are also found living, while in the lower

beds the proportion is 35 per cent. Below this comes the

Miocene (yitetW and /ccuvos,
"
less recent"), with some 17 per

cent, of living molluscan species ;
and at the base is the

Eocene (770)9 and Kaivos, "dawn of the recent"), with 3^ per
cent, of living molluscan species. The German geologist

Beyrich showed later the necessity for introducing a fourth

system, the Oligocene, or "
little recent," between the Eocene

and the Miocene.

The whole of these four systems can be far better

studied on the European continent than in their poor

representatives in our own islands. Lyell, indeed, formed
his classification after travelling in Italy and France, and
with the help of the splendid collections then being made

by French conchologists.
The Eocene system of the Paris Basin is, however,

fairly repeated in the south-east of England, especially in

1 "
Principles of Geology," vol. iii, p. 53.
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the Isle of Wight and Hampshire. The black-blue clays
of the pits immediately round London provide us with a

fair number of fossils, and there are hard beds formed by
estuarine shells in the sands about Chislehurst and Croydon.
As a whole, our Eocene strata are soft and yielding, and

produce only rounded hills, the slopes of which are liable

to earth-slips after heavy rains.

In the Inner Hebrides and north-eastern Ireland (p. 183),

great volcanic eruptions broke out during Eocene times,

the remains of plants that were growing on the land-

surface becoming entombed amid the tuffs and lavas.

The Oligocene system is largely represented by fresh-

water beds in Europe, with evidences of frequent incursions

of the sea in the south-east and east. Professor Judd has

shown how the beautiful series of strata that occupies all

the northern half of the Isle of Wight is the equivalent of

the Lower Oligocene of the Paris basin. The shells are

estuarine, fresh -water, and even terrestrial, with a few
marine bands, and the soft clays and sands make collecting

fairly easy. The state of preservation and the distinctly
modern type of these fossils give even the most casual ob-

server some idea of the "Cainozoic" character of the deposits.
The Upper Oligocene is absent from our islands, as

also is the whole of the Miocene system The latter can
be well studied in its three great marine series in North

Italy and Austria, and in its fresh-water representatives,
with a marine middle series, in Switzerland and France.

The plant-beds of the British Isles, formerly regarded as

Miocene, have now been referred back to the Eocene.
The Pliocene sea has, however, left its traces with us,

notably in the east of Norfolk and Suffolk. Here, in sandy
excavations, we may see, as it were, sections of some modern

shelly beach (Plate X). It seems hard to believe that half

the species of molluscs, which we can so easily extract

from their soft matrix, have become extinct since the

formation of many of these loose and current-bedded de-

posits. As we reach the higher series, this modern aspect
becomes more and more striking, until we pass into the
most recent geological formations, the " raised beaches

"
of

the Post-Pliocene period.
A great epoch of colder climate, with a remarkable

development of glaciers, and of floating ice in European
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waters, set in at the close of the Pliocene period, and gave us

our wide-spread "drifts/' with their glaciated stones and their

thick irregular beds of clay and sand. The later epochs of

the Post-Pliocene pass into historic times,and the whole period

corresponds with the existence of man upon the earth.

The opening of Cainozoic times showed at once the

predominance of mammals. The humble creatures of the

Mesozoic era now assumed an immense superiority and

variety. Like the Permian and Triassic reptiles, they were

adapted to a great range of food and habits, and some
became specialised as vegetable

- feeders, some as flesh-

eaters
;
some took to the sea, in the form of great toothed

whales, while others, as little bats, flew in the air. The

reptiles with equal rapidity became narrowed down to their

present restricted types; their empire had been utterly
taken from them.

The older Cainozoic mammals were, however, widely
different from any that we possess at the present day, and
often combined the characters of two or more living genera.
The humbler forms of life, however, such as the molluscs,

closely resembled our modern types, and lamellibranchs and

gastropods were in Eocene times already largely in excess

of brachiopods. The ammonites, so essentially characteristic

of the Mesozoic periods, had entirely disappeared, though
their ancient ally, Nautilus, still existed. The plant-life also

approximated to that of our own times, and honey-sucking
insects are consequently found as fossils in Cainozoic strata.

The wonderful mammalian deposits of Provence and
Greece,

1 and of the Siwalik Hills in India, show us how,
even in Pliocene times, the highest forms of life were still

strangely distinct from those of the Post - Pliocene and
Recent period. The types that we now know were then

represented by more gigantic forms, which waged war upon
one another, until Man appeared among them. Here they
met a creature capable of killing off the fiercest of them

by superior art and cunning, and of leading the more docile

into perpetual and even hereditary slavery. The exact

period of Man's entry upon the earth may never become

precisely known. The wonderful skull styled Pithecanthropus,
found in Java by Dr. Dubois 2 in 1891, associated with ex-

1 For a charming account of Cainozoic mammals, see Gaudry, "Les
Ancgtres de nos animaux."

2 Trans. R. Dublin Soc., vol. vi. (1896), p. I ; and Nature, vol. liii. p. 115.
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tinct Pliocene mammals, and the chipped flint-flakes recorded

by Dr. Noetling from Burma, which are said to underlie

4620 feet of Pliocene strata, give us some idea of the oldest

epoch at which we may expect to find remains of man. 1

In any case, the base of the Pliocene is comparatively
near us, while the commencement of the Palaeozoic era lies

some forty times as far behind us. Estimates may be made,
from the thickness of the marine strata composing the suc-

cessive systems, as to the relative time that elapsed during
their accumulation. To convert these data into actual years
seems beyond our present powers, though several calcula-

tions have been made, based upon the rate of accumulation
near existing shores. Giving the Cainozoic era its fullest

value, as displayed to us by the Italian deposits, we may
allow it to have been slightly longer than the Mesozoic era

;

while the Palaeozoic era was four times as long as the Meso-
zoic. If we start our annals at the base of the Cambrian,
with a time-point which we will call o, and divide a column

representing subsequent time into 100 divisions, like the

degrees on a thermometer, then we arrive at the following

approximate results (fig. 24).

(i) The Palaeozoic era extended from o to 64 degrees of

our scale.

(ii) The Mesozoic era terminated at 80 degrees,

(iii) The Cainozoic era extended over the remaining 20

degrees, including the present time.

(iv) In this comparatively short time of 20 degrees, as we
shall see for ourselves when we come to our final

observations (Chapter X.), the most extraordinary
changes went on in the surface-features of the globe,
side by side with marked changes in the forms of

mammalian life.

(v) The oldest remains of man are found at 99 degrees of

our time-scale, or one unit only from its summit
;

while human "history," in the ordinary sense, even
that of the Chaldeeans and the Chinese, can only be

represented by a minute fraction of a degree.

Here we are met, then, by the most remarkable and

inspiring feature in the whole annals of the earth. Man,
with all his pride of life and reason, is still, as it were, only

1 For references to papers on this subject, see Knowledge^ vol. xxii. (1899),

p. 270.

Q
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upon the threshold of his career. All the enormous periods
that have gone before, with their struggles between this and
that class of living creatures, culminate in the Post-Pliocene

period, with the predominance of a being who seems capable
of controlling his own surroundings, and of forging out new
lines of progress for himself. In view of the long past,
beside which human history is absolutely insignificant, the

differences between individual men seem indeed of the most
trivial character ;

and we may look forward with confidence

to the work which Man as a race may yet achieve.

We now see how much William Smith and his fellow-

workers have added to the interest and value of our fossils.

If we begin to examine any collection, we find that even

fossils must first be studied in the open-air. We must
not be content with the bringing together of chance speci-

mens, preserved as curiosities by a past generation, or picked
out of the rubbish of a lumber-room

;
we must collect intel-

ligently for ourselves, sampling our district bed by bed, and

comparing the general aspect of the fauna, when we return

home in the evening, with the drawings and descriptions in

the text-books. The determination of the exact species of a

fossil is often a work of care and time, and we may have to visit

our nearest scientific library, to refer to the figures prepared

by the original author of the specific name. No one can be

expected to carry the details of hundreds of fossils in his

head ;
and too much attention is often given to the learning

off by heart of lists of species, when a few lessons in zoology,
and in the general characters of successive faunas, would far

better fit a student for appreciating Nature in the field.

We are by this time not only armed with the means of

assigning any particular fossiliferous series of strata to its

correct epoch in the world's history, but we can also detect,

through the evidence of fossils alone, the occurrence of any
considerable unconformity. If we find, for example, Triassic

fossils in a bed which rests upon one containing Devonian

fossils, we know that the intervening Carboniferous and
Permian beds were either swept away by denudation before

the Trias was laid down, or were never deposited in this

locality, owing to some upheaval that occurred at the close

of the Devonian period. We must always remember that we

may find a fresh-water and a marine type of every system,
while estuarine beds elsewhere unite the features of the two,
besides containing shells characteristic of brackish water.
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In due time the history of the most complex district can
be unravelled, and we learn how many processes of construc-

tion and destruction have been required to produce the

surface-features that we see around us.
"
Stratigraphical

geology" becomes, in fact, "Historical geology"; and any
notes that we may make on the beds in a local section, and
on the fossils that we discover in them, may prove to be a

serious contribution towards the completion of the annals of

the earth.
WO ^PRESENT DAY
99 APPEARANCE OF MAN.

80

64

OPENING OF CAINOZOIC ERA.

ENING OF MESOZOIC ERA.

OPENING OF PAl/EOZOIC ERA.

UNESTIMATED
PRECAM'BRIAN
PERIODS.

FIG. 24. DIAGRAM OP HISTORY OP LIFE ON THE EARTH (see p. 241).
The appearance of man is placed as far back as seems at present possible.



CHAPTER IX

THE SURREY HILLS

To apply the ideas gained in the last chapter to a special

instance, we can scarcely do better than to visit the country
to the south of London. There are few regions more simply
beautiful, and few better known to the millions of dwellers

in the south-eastern counties of England.
Whether we reach the hills of Surrey by the London and

Brighton Company's Portsmouth line, or by the South-Eastern

Railway to Red Hill, the features traversed are much the

same. We pass the brown gravel cuttings in the suburbs,
the oozy clay-banks towards Croydon, and then emerge upon
an open rolling country of dry chalky fields, leading up to

clumps of little woods; the church-spires set among them

upon the rising ground show where the old villages have
clustered. There is a steady incline from London south-

wards, until we reach bolder hills with white chalk cuttings

through them
;
and at last the railway has to tunnel through

a ridge, at Mickleham in the one case and at Merstham in

the other. When we come out into the air again, we
find ourselves leaving the face of a fine green range; a

lowland, well wooded, with ponds and brickyards scattered

in it, stretches for a few miles before us; and then the

ground rises again in the distance towards broken and fir-

clad summits.

If we reach Dorking, we can climb the highest point in

the area, and make our survey from it, as we did from the

Puy de Pariou in Auvergne. Five miles south of the town,
Leith Hill rises, 967 feet above the sea

;
and we make our

way through the forest-land towards it, with a singular
sense of freshness after the traverse of suburban London.

From the summit we look over into several counties, in-

cluding the whole of Surrey and its hills. Nearly all Sussex
lies before us, and the borders of Kent are in the east. The
features immediately around us are repeated, moreover, in

244
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these three counties, wherever we come to the edge of the

great chalky uplands.
If we begin by looking north, we see a wide country,

almost a plain, with a few flat-topped hills rising above it in

the west, and one or two rounded summits far away in the

north-east. On one of the latter, best seen at sunset, the

Crystal Palace has been planted. Smoke and thick air hide

the limits of this view
;
but on a summer evening we may

see the towers of Westminster, rising faintly in pink haze,

and marking out the site of London.
This is the area over which we rose slowly to the chalky

plateau ;
and we are really looking down the south slope of

the valley of the Thames. On the near edge of this region,
the ground falls abruptly towards us, forming the long range
of the North Downs, the surface of which is here ploughed
over, here covered by thin yellowish grass, here broken by
a great white quarry or a deep groove filled with trees. The
brow of these hills is often marked by beech-woods, and we

again see the church-spires along the edge, showing the

position of high villages. Through one conspicuous gap,
the River Mole wanders northward to the Thames, while

Dorking is built upon a tributary which descends to join it

from the west.

At the foot of the sudden fall of the surface, there

stretches a long band of low-lying meadows, through which
this tributary takes its course. Then follows the rise to

more broken country, and fir-woods climb towards us up to

the very ridges of the hills on which we stand. This zone

of the landscape is given over, indeed, to forest and to

heather
;
and Leith Hill itself is its culminating summit.

The view southward is, however, far more striking. We
are on the very edge of a second range of hills, nearly twice

the height of those that lie north of us
;
on the west, in

particular, the projecting masses of this range run out like

promontories into the plain below. Far away, the curved
front of these hills is continued by the long purple slope of

Hindhead, the southern face of which also falls steeply into

the lowland. The tops of all these promontories are formed

by gently sloping plateaux, dipping towards the first range
in the north

;
the fir-woods cover these, and stretch in part

over the steep southern side, shading off there into thickets

of beech and oak and underwood.
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Below us is the pleasant country of the Weald, the old

forest-land that for long presented difficulties to the invading
Normans. Now it is in great measure cleared, and cut up
into green pastures, with ploughed fields here and there.

The roads and villages are marked by bands of elms, and

large ponds gleam below us in the sunlight. Away in the

east the great curved back of Ashdown Forest rises, dark

with firs, out of this softer cultivated region.
The Weald immediately in front of us knows no such

interruption. The fields and hedge-rows stretch away for

some sixteen miles, until they reach the foot of a row of

hills which are somewhat hummocky and irregular. In

August we may see on these, even at this distance, the

purple of an almost continuous expanse of heather. But

they are at times difficult to pick out against the slopes of a

far bolder range that rises immediately behind them. Grey
and distant, the South Downs there assert themselves as a

long wave-like ridge on the horizon, with the beech-clump
on Chanctonbury Ring standing out darkly and distinctly,

800 feet above the sea. One or two deep notches show us

glimpses of lower ground beyond, and on clear days the

English Channel is visible in the gap at Shoreham.
A telescope will soon reveal to us how the nearer and

humbler range of hills sweeps round on the west to join the

long mass of Hindhead. The South Downs similarly dis-

appear on that side into the rolling plateau of Salisbury
Plain. The North Downs, which are continued beyond the

gap at Guildford by the narrow ridge of the Hog's Back,
also pass into this plateau, and are thus connected with

their bolder southern rivals. Thus this end of the Weald
is hemmed round with two approximately parallel ranges,
the outer one bare on the whole, with short grass and a few

beech-clumps, the inner one more broken, and dark with the

broad masses of the fir-woods.

The actual junction of the inner ridges, as they approach
one another from north and south and unite at the western

extremity of the Weald, is clearly seen in Harting Combe,
six miles south-west of Haslemere. We descend by a rough

sandy road from the high common into a narrow valley, which
we cross close to its head. Here on three sides we are

hemmed in by steep banks, covered with trees, while on the

east side we look out into the broad Wealden hollow. In a,
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few minutes we are climbing the opposite ridge, to an open
heath similar to that upon the north. And then the view

of the South Downs, rising picturesquely before us, with a

line of villages in the lowland at their foot, repeats in all its

essential features the view northward from Leith Hill.

This regularity of features on both sides of the Weald
must have some similarity of structure underlying it. If we

study the ridges in detail, we soon see that the outer and the

inner are composed of very different materials. Even from

the summit of Leith Hill, we can perceive the series of white

chalk quarries all along the face of the North Downs. They
commence at a certain height up on the slope, which suggests
that another material underlies this pure white limestone.

Beyond Dorking, the Mole, excavating its channel against
its eastern bank, has produced a fine natural exposure, the

slope of Box Hill being there too steep for anything but a

few clinging bushes. The white crumbling surface appears
almost as a cliff, while woods of box and beech are massed

above upon the plateau.
But the forest-range, the dark jutting masses culminating

in Leith Hill, show yellow sandstone in every section. The

roads are paved with yellow blocks, the cuttings are yellowr

and are often penetrated by the holes of sand-martins,

What, then, is the relation of these two types of strata to

one another ?

Sections taken very near the surface may be misleading,
since the higher parts of slopes always tend to creep down-

wards, and there is in all such cases considerable shifting,

even of the more solid deposits, by the action of gradual
land-slides. But, if we take the evidence of a number of the

deeper cuttings, such as we get in the beautiful lanes leading
northwards through the fir-woods, we shall see that there is

a steady slope of the beds towards the hollow between the

Leith Hill range and the North Downs (fig. 25).

The angle which uptilted strata make with a horizontal

plane is called their dip; more precisely, the dip may be

defined as the greatest angle that can be made with the hori-

zontal plane by a line drawn in the surface of the stratum.

If an exposed surface of the bed were perfectly smooth,
water poured on it would run down in this direction of

greatest steepness ;
the line marked out by the water would

also indicate the direction of true dip ;
a vertical plane passing
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through it would point either north, or south-east, or so forth.

When we say that a bed dips 15 to the north-east, we mean
that it slopes down most steeply towards the north-east, the

angle made by its surface and a horizontal plane being

15. Or, to put it another way, if a vertical quarry-face
were carved out of this dipping series of strata, this face

running N.E. and S.W., the strata would fall towards the

N.E. end of the section, and the lines of stratification would

meet the horizontal floor of the quarry at an angle of 15.
In determining the amount of disturbance of strata, and

their relations to one another, we require some instrument to

accurately indicate the dip. If our quarry-section or natural

cliff does not lie in the direction of true dip, the angle
observed will be smaller than that required ;

and the largest

of a number of apparent dips thus collected will be nearest

to the true angle. It is easy, however, to make a geomet-
rical construction to determine the true from any two ap-

parent dips.
1 Where a large smooth surface of a stratum

is exposed, the direction in which a cutting must lie to display
the true dip can be found as follows : Take a spirit-level with

a fairly long base, and move it about on the surface until the

bubble becomes central. Place a walking-stick, resting on

the same surface, perpendicular to the straight edge of the

spirit-level. The stick lies in the direction of greatest steep-
ness

;
it shows to what point of the compass the bed dips,

and the complement of the angle between it and another

stick held vertically at its lower end would give us the

amount of the true dip.
To measure the dip in any section, a clinometer, or " in-

clination-measurer," is required. This can be very simply
made. Draw a semicircle on cardboard, with a radius of

about 6 centimetres, and divide it, like a protractor, into

1 80 degrees. Place the base upwards and number the

lowest point of the curve o, and continue the numbering
up to 90 on either side, the two points marked 90 being
thus on the base-line of the semicircle. Glue the card down
on to a flat well-squared piece of wood about 20 cm. by 8

cm.
;
the top of a cigar-box provides good material. The

base of the semicircle must be near to and accurately parallel
with one of the long edges of the wood. Then press a draw-

1 See "Aids in Practical Geology," p. 6
;
and W. H. Dalton, Geol. May.,

1873 P- 333-
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ing-pin nearly home into the wood through the centre from

which the semicircle has been described. Hang a dark thread,

by a loop at one end, from the drawing-pin, and attach a

small weight to the other end, so that it hangs freely below

the semicircle when the long edge of the instrument is held

horizontally. The clinometer is now complete.
To determine a dip, stand some seven or eight yards from

the face of the section, and hold the clinometer in a plane

parallel to it. Then adjust the long top-edge until it appears
to coincide with the exposed edge of one of the strata. The

pendulum, formed by the weight and thread, of course still

hangs vertically, and the reading where the thread crosses

the arc shows how many degrees the edge of the stratum

North Downs

Leibh Hill

range

FIG. 25. SECTION ACROSS THE SURREY HILLS. VERTICAL SCALE NEARLY
THREE TIMES THE HORIZONTAL.

,
Wealden Beds

; 2, Atherfield Clay ; 3, Hythe and Bargate Beds
; 4, Folke-

stone Beds
; 5, Gault Clay ; 6, Upper Greensand ; 7, Lower, Middle, and

Upper Chalk.

deviates from the horizontal. The direction of the face of

the section is obtained with an ordinary compass.
The dips of our Leith Hill sandstones are found to be

but small, 5 being common; but that is quite sufficient to

bring them, if continued northward, well under the ridge of

the chalk Downs. Indeed, in the distance of four miles,
and with their relative heights, a dip of 2 would do so. If

we examine in turn the quarries of the soft white limestone
known as chalk, which we find forms the mass of the North
Downs, we see that this series of strata also dips northward
at a similarly low angle. Away in the Hog's Back, between
Farnham and Guildford, the dip rises to 40 ;

but this is

quite exceptional for the Surrey Hills.

Following out these observations all round the Weald, we
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find the dips becoming N.W. near Farriham, then W., and

finally S., as at Harting, and Arundel, and Brighton. The
beds have been bent, then, into a flattened ellipsoidal dome,

something like the roof of a great elongated public hall.

One end of the dome lies in Salisbury Plain, and east of this

the top has been worn away, the two most resisting layers
of which it was composed standing up to form the ridges
round about the Wealden area. Such ridges are called

escarpments. For their production we must have strata

more or less inclined (fig. 25); the weathering eats its way
along one of the sloping surfaces between two beds or series

of beds, and cuts back the upturned faces of the beds lying
above this plane. The ground at the foot of an escarpment
is thus formed by the dipping surface of the underlying
series of strata

;
the face of the escarpment is formed by the

joint-surfaces of the overlying series, which allow the rock

to weather down steeply, the slope being of course only in

rare cases a vertical cliff, and being usually banked over
with long taluses. The back of the escarpment is formed by
the dipping surface of the beds which have given rise to it,

and from which some other series of strata has probably been
removed.

The ridges formed by the upturned edges of the beds that

we crossed on the sea-shore (p. 92) are excellent models of

escarpments. The dipping surface between the edge of one

escarpment and the foot of the next is called the dip-slope,
and is usually, in examples on a large scale, inclined to the

horizon at a slightly less angle than the strata themselves.

While escarpments may be worn out, even where the

successive upturned strata are of equal hardness, by the

giving way of the rock, block by block, along its planes of

bedding and of jointing, yet on a large scale in nature their

formation is greatly facilitated by the occurrence of a hard

or a tough resisting bed above one more liable to be worn

away. The general tendency of denudation is to wear down
the surface evenly ;

but the exposed edge of the soft bed is

cut down more rapidly, the more resisting one standing out

above it as an escarpment. Rivers will flow in such cases in

the hollows thus worked out, approximately at right angles
to the direction of dip of the strata, and will continually
undercut and perpetuate the escarpment. Their tributaries

will flow down on one hand from the underlying dip-slope,
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and on the other from the steep face of the escarpment.
The dip-slopes will thus be channeled by subordinate valleys,

the streams in which run parallel to the direction of the dip;

while the escarpments will be cut back into combes by streams

parallel to the foregoing, but running in the opposite direc-

tion, i.e., away from the point towards which the beds are

dipping. Between the action of the main stream in the hollow

and the tributaries in the combes, the face of the escarpment
is continually receding in the direction of the dip, while it

comes to have a picturesque wavy form, owing to the hollows

locally carved out in it by the tributaries.

There is one direction, and only one, in which a horizontal

line can be drawn in the surface of an uptilted stratum.

That direction is called the strike, from the German word

StrecJce, meaning the " stretch
"

or " extension
"

of the bed.

This line is perpendicular to the direction of the dip ;
and it

is clear that the general trend of an escarpment will be in

the direction of the strike.

If the strike of a bed varies, the direction of dip must

vary also, its amount remaining or not remaining the same.

If the direction of dip remains the same, but its amount

varies, the strike remains unaltered
;
but it must be noted

that beds dipping in exactly opposite directions have the

same strike. A horizontal bed may be regarded as striking
in all directions, or as having no especial strike.

We have seen how the northern escarpments in the

Surrey Hills are repeated away in Sussex on the south.

The long blue bands that lie there facing us are the opposite
limbs of a great fold, which is five-and-twenty miles across.

Every escarpment must thus, at some time or other, have had

its continuation in some opposite slope. Possibly the strata

may have been bent over into a horizontal position, and may
have so extended for some distance

;
but eventually they

must have sunk on the other side approximately to the level

that they occupied in the crust before the formation of the

fold. An upward fold of this kind, the ridge of which may
be sharp or broad, is called an anticlinal, from the fact that

the beds dip in opposite directions on either side of the

ridge ;
while the corresponding fold, in which a trough is

produced, is a synclinal, the beds sloping towards one

another and forming the floor of a depression as they meet

(fig. 36). In folded strata, as we shall see in the next chapter,
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anticlinals and synclinals may follow one another in quick
succession.

Thus the dip of beds may vary in amount, and may
reverse itself in direction, again and again in a short stretch

of country ;
and then the general lie of the strata is best

described by saying that they are repeatedly folded, but that

they strike in such and such a direction.

If we keep in mind what we have before our eyes in the

west end of the Weald, we shall never forget that an anti-

clinal mass is not quite so simple as it appears when we draw

a diagrammatic section across it. It must have a termina-

tion somewhere on this spheroidal earth
;
there must be a

point where the beds will dip down outwards in a constantly

changing direction, until we get round to the other main
flank of the anticlinal. That is the feature presented to us

at Harting Combe. If we have strata pushed up as a mere

dome, like that of a cathedral, any one bed will dip outwards

in all directions from the apex of the dome formed by it.

An anticlinal mass is merely such a dome greatly extended

in one direction
;
and this dome-like character will be obvious

at the two ends of the fold, which may be a few yards or

many miles apart.
If the action of denuding agents has planed a smooth

horizontal surface across a set of tilted strata, the area occu-

pied by each bed on the surface will depend upon the angle
of dip (fig. 26). If the dip is vertical, or 90, the width of

the band formed by a bed on the surface is equal to the

thickness of the bed
;
but it widens out as the bed dips at a

lower and lower angle. The extreme case is where the bed

becomes horizontal, when it covers the whole level surface,

concealing the other strata beneath it. Hence, the more

nearly horizontal a bed is, the more we see of it in traversing
a level country, and a thin layer of rock may then often seem

to have a great importance.
The area of a bed exposed at the surface of the earth is

called its outcrop ;
and the extent of this will be similarly

affected if the beds are horizontal and if the surface formed

by denudation cuts across them (fig. 26). On the face of a

cliff formed in horizontal strata, the true thickness of each

bed is seen; on the gently sloping sides of a valley, the

outcrops become far more extensive.

Thus the outcrop of a bed depends on its dip and on the
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angle and direction of the denuded surface
;
a bed may, for

instance, by reason of its dip, emerge perpendicularly to the

face of an escarpment, in which case the width of the out-

crop is of course again equal to the thickness of the bed.

Here we have the secret of the difference between the

narrow ridge of the Hog's Back near Guildford and the

typical broad plateau of the Downs. The steep dip in the

former region (p. 249) enables all the thickness of Chalk to

appear in the limits of a narrow outcrop, the dip-slope

being at least as steep as the face of the escarpment ;
while

FlG. 26.^SKCTION ILLUSTRATING VARIATION OF WIDTH OF OUTCROP
WITH SLOPE OF SURFACE AND DIP OF STRATA.

The beds are all of the same thickness, but the outcrop of B is far wider than

that of A or c, although the three beds are horizontal. The outcrop of the
bed at E is wider un the same horizontal surface than at D, owing to a lessening
of the dip.

the very low average dips in the ordinary North Downs

spread out the outcrop over a width of many miles.

Another striking feature of our Surrey landscape demands
an explanation before we study the beds in detail. The River

Mole seems to defy the physical structure of the country. It

rises in the fairly low ground of the northern Weald, where
its higher tributaries wander down from the slopes of St.

Leonard's Forest, and bring with them a good burden of

clay and sand. But at Dorking it meets and cuts through
the Chalk escarpment, making a valley 300 feet deep, and
then flows rationally down the dip-slope towards the Thames
at Ditton. All the great streams of the district follow this
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strange example, and both the North and South Downs are

cleft by steep-sided valleys. Instead of draining eastward,
under and along the faces of the escarpments, the Weald
sends its waters north and south directly across the ridges of

the hills. We can thus see the gap of the Wey near at hand
at Gnildford, and before us the notches of the Arun and the

Adour, deeply indenting the dark sand-ranges and the South
Downs. The water cannot have run up the faces of these

escarpments and then have carved its way down to its former

level ;
the only probable conclusion, from a careful inspec-

tion of the country, is that the rivers are older than the

escarpments.

They began to flow, in fact, when the great anticlinal

of chalk was first lifted above the sea, and when its ridge
was first attacked by denuding agents. The main drainage-
lines would thus naturally lie down the dip-slopes to north

and south. Gradually the tributaries of these main streams,

working between the harder and softer strata, began to

cut out the east-and-west escarpments; but the valleys
which were already excavated down the dip -slopes pre-
vented these new ridges from being continuous, and the

yielding materials that fell a prey to the lateral streams

were still swept out of the district by the north-and-south

main routes.

If one of the streams cutting across the strike, i.e.

traversing the escarpment, worked its way down more rapidly
than another,

1 the drainage falling into it on the Wealden
side would increase in importance. More water, that is to

say, would flow into the greater depression. Its tributaries,

parallel to the escarpment, might work back and back,

"capturing," as the phrase goes, the head-waters of other

streams that crossed the escarpment. These latter streams

would then dwindle, and even in time cease to flow, since

the active tributaries in the Weald, now united in one

system, would lower the general level of the ground, until

no more water could get through the notches cut by the

smaller transverse streams. This tendency to reduce the num-
ber of streams across the escarpments is seen in the water-

less valleys that occur on the back of the Surrey Downs.

Above Godstone, for instance, the old northward-running
river of the Caterham valley had already, at the time of its

1 See W. M. Davis, Geographical Journal, voL xiv. (1899), p. 429, and
other papers.
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extinction, cut a valley 250 feet deep across the ridge. It

is fair to observe that an increase in rainfall on the Downs

might now lead to a reversal of the process, to the cutting
back of the valley-head, and to the capturing of some of the

eastward or westward flowing waters on the Wealden side

of the escarpment (compare p. 85).

Thus, by deep scorings of the dip-slopes, and by a

general scouring out of the beds in the heart of the great
anticlinal, the beautiful variety of landscape that spreads
before us has been produced. The very core of the Weald
is formed by St. Leonard's and Ashdown Forests, where

sandy strata, the lowest of the folded series, are exposed.
The anticlinal movement has brought them, at Crowborongh
Beacon, 800 feet above the sea; but at our west end they
are sunk below a series of clays which form far less bold

a feature. It is time now to descend the face of Leith Hill,

and to leave the wild heath and forest for these cultivated

lands. In the roadside cuttings and the Wealden brick-

yards we can begin to study the course of events that

occurred before Surrey and its hills were dreamt of.

The general assemblage of fossils, which have been

diligently collected in this district throughout the nineteenth

century, shows that the Weald and the surrounding ridges
are alike formed of Cretaceous strata (p. 231). In the

Wealden series we have the base of the system, and, in

fact, a passage down into the true Jurassic beds, which peep
out directly under them in the neighbourhood of Hastings.

The lower beds of the Wealden dome are mainly sand-

stones, forming loose sandy heaths near Tunbridge Wells,
across which it is impossible to make permanent cart-roads.

In a few gitty bands and clays associated with them, fresh-

water fossils have been found. The spirally coiled univalve

mollusc Paludina is perhaps the most noticeable
;

it still

lives abundantly in rivers and in inland seas in all quarters
of the globe, and whole beds of limestone, such as the
" Sussex Marble," are made up, in the Wealden series, of

its remains. The little spiral shells are well seen in section

when the rock is sawn and polished ;
and the famous

" Pnrbeck Marble," used so largely for the shafts of small

columns in our cathedrals, is a similar stone from the upper-
most Jurassic strata.

A few bivalves occur, of genera that typically inhabit
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fresh or brackish water
;
their presence supports the view

that these beds were formed in the broad waters of a lake. 1

A number of fish-remains have also been found
;
but the

most remarkable back-boned animals of this epoch were

undoubtedly the gigantic reptiles.
In 1822 Dr. Gideon Mantell discovered certain teeth

in the sands near Cuckfield in Sussex
;
and he named the

animal to which they belonged Iguanodon, since, in their

flattened form and saw-like edges, they resembled the teeth

of the living South American reptile Iguana. It often

happens that a name must thus be given to fossil remains
before any considerable portion of the animal is discovered.

In 1834 a number of large reptilian bones were found at

Maidstone, together with the cast of a tooth and the frag-
ment of another 2 similar to those already known

; and,

later, detached bones were found all through the Wealden

deposits. The animal was now known to be a formidable

creature, although vegetarian in its habits. More recent

discoveries of the same genus in Belgium have shown that

it was from eighteen to thirty feet in length ;
its hind legs

were longer and altogether more powerful than its fore

legs, and it walked fairly upright upon them, dragging its

huge tail behind it on the ground.
There were other genera of reptiles also in Wealden times,

including crocodiles; and among the largest was Meyalosaurus,
which was a flesh-eater, judging from its teeth. This creature

was about twenty-five feet long ;
but Cetiosaurus, a vegetable-

eater, surpassed it, some species being nearly forty feet long.
The Wealden Cetiosaurus is only known, however, by a few

bones, mostly separately scattered in the deposits.
3

The trees surrounding the lakes and rivers were far dif-

ferent from those prevailing now-a-days in the Weald. Not a

beech, nor an elm, nor an oak existed, as far as we know, upon
the surface of the earth. There were forests of conifers, like

those now massed darkly on Leith Hill, and tree-ferns grew,

1 See A. Jukes-Browne, "The Building of the British Isles," p. 268.
2
Mantell, "Medals of Creation," 2nd edit., vol. ii, p. 691 ; "Wonders

of Geology," 6th edit., vol. i, p. 422; Hutchinson, "Extinct Monsters,"

pp. 82-89.
3 For the variety of these reptilian remains, see R. Lydekker,

" On a New
Wealden Igiianodnnt and other Dinosaurs," Quart. Journ. Gcol. Soc., vol. xliv,

p. 46 ;
and for a general account, with restorations, see H. N. Hutchinson,

" Extinct Monsters," pp. 59-108.
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picturesquely spreading, on the river-banks. A group of

comparatively short and thick-stemmed trees, the Cycads,
unknown to us now in a wild state in Europe, abounded then

throughout England. They are allied to the conifers, and are

thus regarded as low and humble among the flowering trees
;

and at present they have to be imported from the tropics.
All these plants are represented by stems and leaves washed
into the beds of Wealden clay and sandstone; and the fre-

quency of patches of lignite is another piece of evidence in

favour of the fresh-water origin of the Wealden strata.

The higher beds, which spread before us from the foot of

Leith Hill, and which, indeed, form much of the bulk of the

range itself (fig. 25), are composed of a fairly pure clay,
sometimes 1000 feet in thickness. The surface is often

damp, and oak-thickets abound upon it
;
the roads running

through these woods are sloughs of despond after heavy rains,

and the pathways in more frequented districts are raised upon
causeways to keep them above the level of the floods. The

brick-yards show us brown and blue sections in the clays,

often variegated by red and almost crimson stainings. These

colourations, due to hydrated iron oxide, are also a character

of lake-deposits (p. 142). On the surfaces of some of the

more shaly beds we may find white relics of univalves and

bivalves, like those in the clays among the lower sandstones
;

and tiny ostracod shells, looking like little split seeds, cover

large areas characteristically. The ostracod s are simple crus-

taceans which live in bivalve shells of their own making;
and the detailed examination of the Wealden genera shows

that many agree with those living in fresh water at the

present day. Others, however, are extinct, and are thus use-

less for indicating the character of the Wealden waters.

All through theWealden series,beds of sandstone cemented

by rich brown limonite, or nodules of iron carbonate and

oxide in the clays, have been dug out in former times for

iron-smelting. As long as coal and iron ores were but little

worked in the north of England, and as long as wood was

freely available for fuel, this work went profitably forward
;

and now and again we may turn up the old slags from the

furnaces, like fragments of volcanic glass, in some forsaken

corner of the woodlands. From the thirteenth century to

1828 1 the Wealden iron was extracted
;
and the discovery of

1 H. B. Woodward,
"
Geology of England and Wales," 2nd edit., p. 361,

R



258 OPEN-AIR STUDIES

coal in deep borings at Dover may some day again convert

this garden of England into a fuming industrial centre.

Once more we have in these iron-ores an indication of

lake-deposition, limonite being produced freely in such waters

(p. 142), and soluble salts of iron being always present among
the materials brought down from wooded shores.

Away in Dorsetshire, east of Lulworth, red and yellow

clay-beds occur between the Jurassic limestones and the

Chalk; and these mark the westward prolongation of the

ancient Wealden lake. Its east end lay beyond the present
Channel near Boulogne. So we may picture some 170 miles

by 50 covered at the dawn of Cretaceous times by an inland

sea, the floor of which sank as successive sand-banks and
mud-banks were spread out in it. Plants of humbler groups,

partly tropical in character, formed a kind of jungle on its

banks, dense enough to provide food for the massive Iguano-
dons, which stalked about heavily and unhindered, their heads

fifteen feet in air. Every now and then a crocodile snapped at

the fishes among the leafy islets, half hidden by the natural

rafts of fallen stems
;
while a Megalosaurus, looking out for

some of the smaller quadrupeds, crashed through the jungle
and left its footprints in the yielding swamp. Beetles

hummed and crawled among the bushes; but none of our

flowers, and none of our honey-sucking insects, enlivened the

borders of the lake.

Slowly the sea began to creep in over the land, and the

great lake became a tidal estuary ;
marine shells, including

oysters, took up their abode in it
;
and the final muds of the

Wealden stage contain a distinctly salt-water fauna. The bed

above, the Atherfield Clay, is the first of a new series, which
ushers in a long epoch of steady depression of the land.

So far we have pictured the reptiles as lords of the

Wealden world. Birds must have existed, but their bones

have not yet been forthcoming ;
such light remains would

easily become scattered and broken up, and probably only a

few individuals actually dwelt in the more secluded corners of

the forest. The earliest known bird comes from the higher
Jurassic strata of Germany, and is represented by two winged
skeletons and an isolated feather. But for the feathers on the

wings and tail, the creature might have been regarded as a

reptile. For at this time the reptiles had also taken to the

air
;
the whole empire of the globe seemed open to them, and
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they grew huge and ponderous, having little need of excep-
tional intelligence to keep their predominance secure. No
rivals seemed to threaten them. Some marched across the

land, browsing on the tops of the cycads and tree-ferns
;

others, with long necks and cruel teeth, pounced down upon
smaller creatures, crushing them with one stroke of their

massive feet
;
others took to the sea, just as the mammalian

whales did in later times, and became beautifully modified to

suit their new surroundings, grasping, either by length of

jaw or the sweep of a swan-like neck, the fishes that had

long been secure from the attacks of higher beings. And
other reptiles, again, provided with membranous wings, which
were stretched from the enormously long outer finger of each

fore-limb to their sides, flew through the air, and clung with

claw-tips and wing-tips, like bats, to the faces of the crags.
The earliest birds, as we have said, closely resemble feathered

reptiles, and it is scarcely surprising that they also should

have been armed with teeth. Probably they prevailed

against the flying reptiles mainly by their power of more

rapid and prolonged flight, and often, having hidden them-
selves from a pursuer in some dense-leaved tree, were dis-

turbed again by the head of a prowling reptile looking down
on them as he strolled across the forest. The voices of a

flock of toothed birds, rising clamorously from the mud-flats

of the Wealden lake, can hardly have been pleasing to the

ear. Their long jaws would gape, showing the sharp teeth,

like those of crocodiles
;
their feathered wings and tail would

seem quaintly contrasted with their downy or almost naked
bodies

;
and only their more elegant movements in the air

would show what a step forward had been made in the great
line of animal life. As we cross the pastures and copses of

the Weald in spring, when every bank is starred with prim-
roses, and every bush seems to leap with sparrows, and

linnets, and cheerful chaffinches, it is hard to think of the

same region in early Cretaceous times, when birds were few
and of strange and forbidding types, and when all this carpet
of delicate flowers was as yet unknown in the wide world.

In the United States, Cretaceous birds are known, later in

date than the deposits of the Weald
;

it remains for some

happy observer to turn up a bone or two in south-east Eng-
land as a link between these and the specimens from the

Jurassic beds of Germany.
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We are equally ignorant regarding the highest animals,
the mammals, of the period. The higher Jurassic beds of

Britain have yielded jaws and teeth
;
the uppermost Creta-

ceous rocks in America have shown similar remains
;
and all

we know is that the mammals of the Weald must have been

of lowly character, humbled and kept under by the over-

whelming power of the reptiles, and seeking their food by
stealth almost between the legs of these great beasts. They
must have been about the size of rabbits and foxes, with a

considerable variety of teeth and modes of feeding ;
and we

can picture them scuttling into their holes and lairs among
the underwood, whenever the neck and chest of a great
lizard began to sway the fronds of the tree-ferns. A certain

quickness of apprehension, and ingenuity in the face of

danger, must have been born in them during these long

years of repression; and in later times, when the reptilian

empire became doomed, the mammals naturally stepped into

the gap, speedily ran riot across the jungles and the plains,
and even entered the expanses of the sea. In Wealden

times, however, they were of the humblest character, belong-

ing to divisions at least as low as the monotremes and the

marsupials, which zoologists place at the very bottom of the

long series of existing mammals.
With the deposition of the Atherfield Clay, the Wealden

area was invaded by the sea ;
and this stage is named from

a spot on the south side of the Isle of Wight, where the

beds are admirably fossiliferous. In the Wealden area,

they form a portion of what we have called the sand-range,
since they are protected by the more resisting beds above,
and the front of the escarpment is cut down across them

;

but they naturally produce a more gentle slope than that

given by the yellow sandstone. Above this stiff blue clay
come the Hythe Beds, named after a Kentish watering-

place. These are fairly firm sandstones, with grey shelly
limestones among them as we go eastwards into Kent. In

the Leith Hill area they seldom contain fossils, and we have
to trace them over long distances before we can find a

satisfactory fauna. A few plants were still being washed
in from the land, and there are thus at intervals soft black-

brown beds of lignite. The rock is quarried into for road-

metal, and is seen in all the shallow pits which form patches
of yellow through the dark woodland of Leith Hill. The
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roads that cross the ridge are also bounded by little sand-

stone cliffs, in which the stratification can be seen. East

and west, the bold escarpment of the Hythe Beds stretches,

the finest feature of south-eastern England; and, as we
shall presently see, it owes its origin mainly to the humbler

organisms that lived in the Cretaceous sea.

The superior resistance of the Hythe Beds to denudation

is, in fact, largely due to the numerous beds of flint 1 that

are contained in them. In these beds the sand-grains are

FIG. 27. SAND WITH NUMEROUS SPICULES OF. ..SILICEOUS SPONGES,
HYTHE BEDS, SURREY.

h, I, t, spicules ; a, sand grains ; y, dark grains of glauconite. x .40.

cemented by chalcedony, forming a brownish translucent
rock of smooth fracture

;
the flint-layers thus constructed

run along the stratification-planes, with more friable and

pale yellow sands between them. Here we can pick up a

fragment with three or four flint bands in a thickness of

two inches
;
and in some of the little quarries we can choose

1 These are commonly called "chert," but it is impossible to make any
distinction between this material and flint. The Upper Jurassic nodular
"cherts" of Dorsetshire, for instance, are precisely like the "flints" of the

Upper Chalk.
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large specimens which look like a pure pink-brown chalcedony

throughout.
Down near Friday Street, for instance, some of the

rough tracks through the forest are paved with translucent

flint, just as some of the roads north of the Auvergne puys
are paved with agates from the mines. If we look at these

with a lens, we see an immense number of delicate white

rods in them, reminding us of crystals in a glassy rock.

These are the dull casts of sponge-spicules, which themselves

originated the flint.

Our common modern sponges, such as we use in washing,
have horny fibrous skeletons

;
but others, like the beautiful

" Venus's flower-basket," make their meshy skeleton of

silica
; others, again, strengthen themselves with rods and

three-rayed stars of calcium carbonate. Sponge-skeletons
are built up of minute rod-like or often knotty bodies

known as spicules, which frequently fall apart after the

death of the animal and are scattered over the sea-floor.

In many cases, moreover, this distribution is made easier by
the fact that the spicules are only loosely interlocked to form

the skeleton, or are merely embedded separately in the sub-

stance of the sponge. Sponge-oozes are made up at the

present day of such remains. The siliceous spicules (fig. 27)
are composed of amorphous silica, and not of quartz, and in

this condition are liable to subsequent attack by the solvent

action of the sea. The rod-like forms are traversed by tiny

canals, so that they resemble, when broken, pieces of fairy

thermometer-tubes; and the water slowly rounds the ends

of the fragments and enlarges the central canal, finally dis-

solving the spicule altogether. Thus sponge-beds, like parts
of coral-reefs and shell-banks, are removed in solution

;
but

the material, wandering in the water near the ocean-floor,

may be again chemically deposited and may consolidate as

beds of flint.

The complete solution and re-deposition, however, pro-

bably do not occur until the sponge-bed is covered over by
other sediments and becomes subject to the slow attack of

the waters that permeate the earth's crust. 1 These waters,

1 The rare cases in which silicifi cation has gone on in modern oozes seem
attended with the production of silicates rather than of opaline or chalce-

donic silica. See "
Report on Deep Sea Deposits," Challenger Reports, p. 390,

and pi. xi.
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moving along the bedding-planes of the strata, spread out

the silica into more or less regular bands.

Sponges are by no means the only organisms that extract

silica from sea-water
;
and we must expect to find remains

of radiolarians, and of the tiny skeletons of the plants called

diatoms, associated with beds of flint. As a matter of fact,

however, solution has generally been pretty effective, and we
have only the dull earthy moulds of sponge-spicules left

to us, these spicules being bodies of comparatively coarse

dimensions. The original substance of the spicules, and

probably also of associated diatoms and radiolarians, is seen

in the chalcedony round about the spicular casts.

These little rod-like relics are well worth looking for in

the "
cherty

"
layers ;

the silica has also enclosed the sand-

grains and any other solid bodies that were in the stratum.

We shall presently see, on the bare front of the North Downs,
how silica is deposited with somewhat different results in the

heart of massive limestones.

All the sandy layers of the Hythe Beds are "Green-
sands" (p. 107); and the prevalence of grains of glauconite

(fig. 27) in these and in the overlying strata has caused the

whole of the stages from the Atherfield Clay to the top of the

Folkestone Beds to be called the " Lower Greensand," a name

by which they are often known on maps. The glauconite

grains give a dark speckly character to the rock, and come
out as brilliantly green oval spots in microscopic sections.

When walking through the Surrey lanes on a damp day, we

may strike our hammer into the sandy wall of some roadside

cutting ;
and the soft glauconite becomes crushed and spread

out, so that the mark left by the hammer appears distinctly

green.
Glauconite indicates, if we may judge from existing seas,

that these sandstones were deposited in water fairly near the

land. The beds are sometimes composed of coarse sand-

grains, and we shall find real pebbles nearer Guildford ;
while

the current-bedding also points to a shallow-water origin.
The most interesting deposits are those at the top of the Hythe
Beds, where a rough limestone, the Bargate Stone,

1 occurs.

Besides marine shells, including foraminifera, such as lived on
the Cretaceous beaches, we find this rock full of rolled fossils

1 For recent work on these beds see F. Chapman,
** The Bargate Beds of

Surrey," Quart. Journ. Geol. Soc., vol. 1, p. 677.
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derived from Jurassic beds. The dark little grains which are

so frequent in the Bargate Stone prove to be wave-worn

fragments of casts of molluscan shells, belonging to the

preceding period. Oolitic grains, brought in from Jurassic

limestones, spines of sea-urchins, and pieces of older flints,

are found mixed together in this deposit. We have, indeed,

to be careful in distinguishing the rolled and derived fossils

from the remains of the animals that were living when the

limestone was accumulated.

Such a discovery gives us at once a picture of the coast on

which the Hythe and Bargate beds were formed. No Juras-

sic rocks now appear in this area
;
but they have been found

at a depth of 1150 feet below the surface in a boring made
at Eichmond in the north of Surrey. They come out, again,
from under the Cretaceous "

greensands
"

at Oxford and
Swindon on the north-west, and under the Wealden clays in

the Isle of Purbeck. From a boring near Hastings it is

known that a great thickness of them underlies the Weald.

Now, under Eichmond the Cretaceous rocks are succeeded

directly, as we go downwards, by the Middle Jurassic series
;

the whole Upper series is missing we are in fact in pre-
sence of an unconformity. The material washed away from
the top of the Jurassic system during its period of exposure
went to make up the Bargate Beds, and indeed a great part
of our Lower Cretaceous series.

The coast of Dorset, in fact, at the present day, repeats for

us the shore of the Lower Cretaceous sea near London. Be-
tween Portland and St. Alban's Head we have many stretches

of bay, in which pebbles and fossils from the Upper Jurassic

sands and clays and limestones are being mingled with the

shells of the period in which we live. We may picture such

a coast lying to northward of the Weald, and slowly being
encroached on by the sea. At one time the rounded lime-

stone hills, with little river-gorges cut in them, sent down
their waters into the Wealden lake

;
but in the days repre-

sented by the Hythe Beds the sea had encroached, and was

already lapping round their feet. Cliffs were cut out, huge
blocks of Jurassic limestone were broken up by the waves,
and their fossil contents were scattered on the beach

;
and in

most cases only fragments of the more resisting materials

remained recognisable amid the rolling mass of pebbles.
Down south, where Leith Hill was afterwards to rise, many
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of these fragments, together with derived oolitic grains, be-

came washed out into quieter waters
;
and here Cretaceous

shell-banks stopped them and caused them to accumulate.

It is pleasing thus to see how many details of the past can be

brought before us by the study of a single cutting in the Bar-

gate Beds, and by a careful sorting out of their constituents.

So the floor on which the marine Cretaceous strata here

rested was unconformable to them, as must always be the

case when we near a shore-line
;
and so far Jurassic strata

were being used up again to make the Leith Hill sand-banks.

Gradually the bays in this coast must have become filled

with the broad stretches of the sand; for the Folkestone

Beds, the next in upward order, are typically loose current-

bedded materials, with all the character of sand-flats off a

coast. Fossils are very scarce, owing to the porous nature

of the beds, which has allowed the shells to be dissolved away
by rain-water

;
and limonite cements the sand-grains along

irregular water-ways, forming bands of dark brown "iron-

stone," which stand out sharply upon weathering. Here

strongly orange, here almost white, here a delicate warm
brown or even pink, these sands form a beautiful feature of

the lanes on the north fringe of the fir-woods. Then we

emerge upon quite another country, the long hollow of the

pools and streams.

Here is a fortunate little quarry, north of the Dorking
and Guildford road, which shows us the actual junction of the

Folkestone Beds with those above. The variegated sands,

perforated by the nests of martins, pass somewhat abruptly
into beds of stiff blue clay. Perhaps the denuding agents,

working on the Jurassic rocks, began to wash down clays in

place of sands; perhaps the sea-floor sank rapidly, and the

finer materials alone could be deposited in this area. Cer-

tainly this clay, known as the Gault, is distinctly marine in

character. When examined minutely, a good deal of sand
and glauconite can be discovered in its lower portion ;

and it

is well worth while to collect a specimen for the sake of the

microscopic objects that it contains. If we dry fragments of

the clay thoroughly on a dish in an oven, or on a metal plate
over a Bunsen-burner, and then place them in a soup-plate
full of water, they will break up with remarkable readiness

into a very fine-grained mud. The finger must not be used
to assist the disintegration of the lumps, as the particles
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would thus become pressed together into clots
;
but a circular

swaying motion must be given to the plate, by which the

water becomes quickly thick and muddy. The water is then

poured off gently, and more is added, the process being

repeated until the lumps are entirely broken down and the

greater part of their substance has been washed away. The
residue contains any sand, glauconite, and shells that were

concealed in the mass of the original clay. As usual, sifting
will assist in dividing up these materials; the larger-shell

fragments will remain in the jo-hole sieve (p. 105), and in

6ohole or po-hole we shall find a number of exquisitely pre-
served foraininifera. Where these, however, are required
in their most perfect condition, we must be content with

thoroughly washing off the clay from them by swirling them
about in a little water in the soup-plate, and then must select

them by picking them out separately with a moistened and

pointed piece of wood or a fine brush. In this way even

the delicate knobs and spiny projections on the ornamented
shells may be preserved.

1

Nature works in much the same way in extracting the

larger fossils for us from a clay. Let us climb up by the

side of our quarry to the level ground above, where a little

brick-yard has been opened in the Gault. Where the face

of the cutting is fresh, the clay is stiff and sticky, and it is

difficult to pick the fossils out of it without breaking them.

But at the sides of the pit the rain has long been working
on the sloping and exposed surface, and has washed down a

good deal of the fine material into the form of flat and
miniature alluvial fans. The coarse-grained residue higher

up has dried and cracked in the sun, and readily breaks up
under our fingers. The fossils can here be got out easily,

and often retain a handsome pearly lustre. Little mineral

change has gone on in the shells since the day on which

they became embedded in the mud
;
the organic matter has

decayed out of them, and they have become friable and flaky,

while casts have been formed of their interiors by the clay
which has hardened within them.

These fossils include numbers of the coiled cephalopod
shells known as Ammonites, particularly the genus Hoplites;
and a little brown spindle-shaped body, coming to a point at

1 See F. Chapman, "The Foraminifera of the Gault of Folkestone," Journ.

Roy. Microscop. Soc., 1892, and succeeding years.
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one end, can be found in almost any excavation. This is the

"guard" of a small species of Belemnites; the animal was a

cephalopod allied to the modern squids, but was furnished

with a small straight chambered shell at its hinder end. This

shell was protected by and sunk in a guard, popularly spoken
of as the "belemnite," which projected backward and was
built of close-set fibrous crystals of calcite. The modern

cephalopods of this type manage to do without the guard,
or possess the merest rudiments of it and of the ancient

chambered shell.

The Ammonites that abound in the Gault are, like the

Belemnites, entirely extinct; but the little bivalve Niwula,
which also occurs in almost every Gault section, is still a

living genus. All through the Cretaceous system, we shall

find this mingling of extinct and living genera, such as we

might expect near the top of the great Mesozoic group.
The Gault sea was of wide extent. We have no good

evidence as to its boundaries on the north, but we know
that it stretched right across the site of London and away
towards Lincolnshire, passing into an iron -stained lime-

stone in Norfolk. Up to the end of the deposition of the

Folkestone Sands, a long-backed island or peninsula ran

somewhat north-west and south-east across the London area.

This old ridge has been struck again and again in well-

borings, at about 1000 feet below the present surface. Now,
beneath Kentish Town, and beneath Turnford on the north

and Cross Ness on the east, the Gault clay, some 150 feet

thick, rests directly on Triassic or Palaeozoic rocks. Here we
have, then, an unconformable junction of a most distinct char-

acter
;
at Turnford, indeed, we pass at once from the Gault to

Devonian shales, which are uptilted at an angle of 25 .
1

Beneath Kentish Town, however, a patch of Middle
Jurassic limestone is left upon the ridge, which here con-

sists of reddish sandstone, and the Gault follows immediately
above this. Beneath Eichmond similar beds occur, with

10 feet of nodular sandy limestones above, which are full

of materials derived from the Jurassic rocks. Then follows

the Gault, which is sandy and glauconitic at the base; so

that at Richmond, in the specimens brought up by the

boring-tools from depths of 1200 feet, we have written a

1 See J. W. Judd,
" On the Nature and Relations of the Jurassic Deposits

which underlie London," Quart. Journ. Ocol. Soc. t
vol. xl, fig. 2, p. 760.
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freat
part of the history of the Surrey Hills. We can picture,

rst, the Jurassic sea beating upon and finally overflowing
the old sandstone coast, and depositing its wealth of sea-

urchins and starfish and molluscan shells upon the sinking
shore

; secondly, we see the ridge upheaved again, and the

Jurassic coating reduced by denudation to mere banks and

patches of white limestone, while away to the south the

Wealden lake and rivers spread out the products of its

decay. Then, thirdly, the sea creeps north again, at first

attacking the relics of the Jurassic rocks, and then protect-

ing the remainder until our own time by the thick covering
of Gault clay. It is by such observations, which seem slight
in themselves, that we get an insight into what the older

writers used to term the " revolutions of the globe."
A boring at Chatham l even gives us a glimpse of the

geography of the Wealden lake. The Weald Clay occurs

under the Atherfield beds twelve miles to the south, but is

absent in the Chatham section, where the Cretaceous "green-
sands

"
rest directly upon Upper Jurassic clays. The border

of the lake here was probably a muddy one, and lay somewhere
in the limits of these twelve miles.

How far west did the sea of the Gault stage stretch?

We have some answer to this in eastern Devonshire. As we
travel from Taunton to Exeter, we see on our left the wooded

promontories of the Blackdown Hills; and here, bared and

brought to light, we have Cretaceous and Triassic strata in

the same relations as those hidden away deep under London.

The Gault beds have here overstepped (p. 219) the Upper,
Middle, and Lower Jurassic series of Dorset, and rest upon
the red Triassic clays. But they did not extend much farther

west. We are already near the shore-line, for the fine Ganlt

clays of Kent and Surrey are here represented by yellow

glauconitic sands
;

these were deposited and churned up
again by wave-action on a coast which remained in about

the same position from the time of the marine invasion of

the Weald to that of the Middle Chalk. The fossils of the

Blackdown Hills are mingled in character;
2 but even the

lowest Gault species are represented.

1 W. Whitaker, "On some Borings in Kent," Quart. Journ. QcoL Soc.
t

. xlii, p. 30 ;
and Jul

2 W. Downes, "The

Soc., vol. xxxviii, p. 92.

vol. xlii, p. 30 ;
and Jukes-Browne, "Historical Geology," p. 379.

2 W. Downes, "The Zones of the Blackdown Beds," Quart. Journ. Geol.
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In our Surrey landscape, the ground rises steeply when
we have crossed the flat of the Gault clay. The soil be-

comes at once drier and barer; the oaks and rushes and

imperfectly drained marshes disappear ;
and we find our-

selves at the foot of the long escarpment of the Chalk. The

upper beds of the Gault are in many places composed of

sandy limestone or calcareous sandstone, containing glau-
conite, and known as the "

Upper Greensand " l
; by its

hardness, this rock often forms a little escarpment of

its own, a local step that is a characteristic feature of

the landscape (fig. 25).
Mr. Jukes-Browne has united the Upper Greensand

with the more typical Gault beds under the name of
" Selbornian." The sandy beds contain a number of

siliceous sponges, mostly of a type known as lithistids.

Fia. 28. Ancylocerasgigas, a cephalopod shell from the

Aptian stage, Cretaceous period.

with somewhat knotty and irregular spicules. In the
Selbornian strata generally, we find allies of the am-
monites which have adopted strange fashions of coiling
their chambered shells. The regular steady-going am-
monites, which played so great a part in the molluscan
life of the Jurassic period, are now represented by forms
coiled in a screw-like spiral, or only loosely, so that suc-

cessive coils are not in contact. These eccentric relatives

also made themselves prominent somewhat earlier (fig. 28),
and herald the complete extinction of the ammonites.

Perfectly straight forms occur in the upper beds of

1 See Jukes-Browne, Mem. OeoL Surv., "Cretaceous Rocks of Britain,"
vol. i. (1900).
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the Chalk ; but, despite this variety of type, the great

group of the ammonites did not outlive the Cretaceous

period. Nautilus, which made its appearance in the

Trias, with allies reaching far down into the Palaeozoic

era, has managed none the less to live on quietly to the

present day.
We now reach the great mass known as the Chalk,

often 1000 feet thick, which certainly merits sub-division

into three stages, Upper, Middle, and Lower. Its fossils

are well known, and their occurrence in zones has been

carefully worked out. The researches of French geologists,
and notably of Professor Barrois, first called attention to

the interest of our English sections
;
and in the latest

maps of the Wealden area, published by the Geological

Survey, the Chalk is sub-divided according to the fossils

it contains. The basement-beds were probably laid down
at no great distance from a shore,

1 and are distinctly

marly. This "Chalk Marl" constitutes the Lower Chalk

stage. Sponges with more regular types of spicules
are here frequent, and continue through the whole
Chalk.

Complete solution of the skeleton has often occurred,
and marcasite may have replaced it with its brassy sub-

stance, weathering to a rich orange-brown. Marcasite

also forms nodules in the Chalk, which become rolled

out into the talus-heaps of the cliffs or quarries. These
nodules have arisen by slow aggregation of the iron

sulphide into spherical or cylindrical lumps in the body
of the consolidating chalk a process of chemical re-

arrangement that is styled
"
concretionary action

"
(see

also p. 221). The heavy nodules or concretions, brown
on the outside, are picked up by country-people and
are regarded as "thunderbolts," by which term meteor-

ites are popularly designated. But no meteorite of this

character has ever reached the earth, and the iron

sulphide can often be shown to have accumulated round
some fragment of a fossil or other solid body in the

chalk. On being broken open, the marcasite shows

1 Dr. Hume, however, considers that the Upper Greensand may have
been formed at as great a depth as 150 fathoms (" The Genesis of the Chalk,"
Proc. Qcol.Assoc., vol. xiii. p. 222).
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a fine brassy colour and lustre, with a radial structure,

like that of spherulites and crystalline concretions in

general.
The characters of the Lower Chalk division, which

is so often marly, show that the Cretaceous sea was
not yet deeper than 300 fathoms. The western shore

still occurred somewhere away by Teignmouth and Exeter

and Taunton, and the sea-floor was liable even to upward
movements, whereby the Gault, which had already be-

come consolidated, was broken up by waves and had

its fossils scattered into the beds of later date. The

decay of fish-bones and of materials rich in calcium

phosphate gives rise at the present day to impure con-

Fia. 29. Acantkoceras rothomagense, an Ammonite from the Lower Chalk,

cretions of that material in marine deposits ;
shells

become filled up by it, and lumps are formed irregularly
about them. Similarly, many of the Gault fossils be-

came "
phosphatic," black casts of them alone remaining,

often enveloped in black or dark-brown nodules. These
bodies were washed out in places into the deposits of

the Lower Chalk stage, and form a remarkable accumu-
lation near Cambridge. Mr. Jukes-Browne states that

they rest there on a worn surface of Gault, an evidence
of the local unconformity. (" Cretaceous Kocks of Britain,"
vol. i. pp. 285-289.)

As we ascend our slope in Surrey to the quarries and the

lime-kilns, and enter the white region of the Middle Chalk,
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we may fairly ask what is the origin of the soft compact
ground in which the larger fossils are here embedded. It has

so uniform a character, it fills up the hollows of the fossils so

completely, it becomes of such extreme whiteness and purity
in the upper levels of the chalk, that it can scarcely result

from the mere breaking up of previous limestones or of the

shell-banks of the Cretaceous period. Something can be

done towards its investigation by disintegrating the rock

gently in water, aided by a tooth-brush
;
but the best way of

observing its structure is by making a microscopic section.

This is quite easy (see p. 25), if the soft rock is saturated

with Canada balsam, which has been dried and rendered

liquid again by heating. Then we see how the body of the

chalk is composed of minute chambered shells, or of curving

fragments broken from them. A fine mud of similar frag-

ments, still smaller, and of the minute oval organic bodies

known as coccoliths, fills up the chambers and cements the

uninjured shells. Here and there a broken piece of a

lamellibranch, or of the spine of a sea-urchin, occupies a

great part of the field of the microscope. If we compare
the finer material with the calcareous oozes now forming in

our oceans, particularly in the Atlantic,
1 we shall have no

hesitation in saying that the chalk is typically a foramini-

feral deposit.
It cannot, however, be regarded as necessarily a deep-sea

ooze. For a detailed discussion of the question of the depth
of the Chalk sea, reference must be made to Dr. Hume's

paper on the "Genesis of the Chalk,"
2 where the Upper

Chalk is stated to have been deposited in the deepest water,
the south-east counties of England remaining 500 fathoms
under water from the end of the Lower Chalk age to the

close of the Cretaceous period. Depths of 1000 to 2000
fathoms may have occurred

;
but it must be remembered that

a broad shallow sea would fulfil most of the conditions.

Distance from shore diminishes the abundance of many life-

forms and the proportion of materials brought in suspension
from the land, as distinctly as does increase of depth ;

and
we shall see how the borders of the Cretaceous sea were

steadily spreading northward and westward.

1 See Challenger Reports,
" Dtp Sea Deposits," plate xi, fig. i, and plates

xii, xiii, and xiv.
a Proc. Ocol. Assoc., vol. xiii (1894), p. 211.
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Professors Hebert and Barrels long ago called attention

to the conglomeratic bands in the Chalk, which indicated, in

their opinion, a disturbance of the sea-floor, its elevation so

as to be within reach of wave-action, and the formation of

succeeding beds from the rolled fragments of those immedi-

ately below. The occurrences that closed the Gault age in

Cambridgeshire appear to be repeated several times in the

Chalk, with remarkable uniformity over wide English areas.

Thus there is a so-called " nodular
"
bed, the Melbourn Rock,

between the Lower and Middle Chalk, the irregular and

slightly worn lumps of previous beds standing out like

nodules or concretions on the surface of the quarries ;
and

microscopic sections will often show that there is a difference

in texture between these derived fragments and the later

chalk in which they are embedded. 1

Dr. Hume 2
suggests that the alteration of currents by

the submergence of old land-barriers, or the elevation of new

FlG. 3o.Actinocamax plcnus, a Belemnite from the Middle Chalk ; at the left

end there is no cavity for containing the chambered shell.

ones, accounts for these conglomeratic bands. The associated

fossils show no signs of shallow-water conditions, and Dr.

Hume would regard the breaking up of the older beds as

connected, in the case of the Melbourn Rock, with a steady

depression rather than with elevation. A local unconformity
in any case exists, and in South Dorset the conglomeratic
condition occurs throughout the whole of the Middle Chalk.

The zone of the Melbourn Rock is not merely marked by
its structure, which would be an unsafe guide in following it

out across the country ;
but it is characterised by the occur-

rence of a curious belemnite, Actinocamax plenus (fig. 30),
the massive guard of which did not include the chambered
shell of the animal, but lay beyond its posterior end, still pro-

1 J. W. Judd, "Jurassic Deposits which underlie London," Quart. Journ.
Qeol. Soc., vol. xl, plate xxxiii, and p. 733.

- "The Genesis of the Chalk," Proc. Geol. Assoc., vol. xiii, p. 229.

S
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tecting it from injury in that direction. This prepares us

for later forms in which the guard becomes shortened, and

for those modern ones in which it has practically disappeared.

Squids destitute of guards had, however, already made their

appearance in the earliest Jurassic beds
;
but the protected

ones flourished for a long time, and did not become extinct

until the close of the Cretaceous period.
The Middle Chalk is a good white limestone, and sponges,

and the little brachiopod Terebratula, and lamellibranchs,

and sea-urchins, abound in it. Among the lamellibranchs,

Inoceramus (fig. 31) is common, as it is also in the Upper
stage; this genus often forms shells several centimetres across,

which are corrugated with strong growth-lines on the out-

side and smooth and slightly waved on
the inside. These broad flat shells have
a very fibrous structure, the calcium car-

bonate forming little prisms perpendicular
to their surfaces

;
and consequently they

break up very readily, and all layers of the

Chalk, especially in the Middle and Upper
divisions, contain fragments of Inocera-

mus, which resemble little tiles or bricks.

Their fibrous edges enable them, however,

FIG. y.-Inoceramus
to * easily identified.

Cuvieri, from the Flint or "chert occurs often in the

Upper Chalk. sandstones of the Selbornian stage, re-

sembling the bands formed in the Hythe
Beds. But it is absent in the succeeding strata, until we

get well up into the Middle Chalk. Here we find charac-

teristic lines of nodules, black when broken, and irregular in

form, running along certain bedding-planes of the rock.

A Chalk flint is typically white on the exterior, and is rather

elongated in the direction of the stratification. It may be
more than a metre long, but is commonly only about 20 cm.
To determine the origin of these lumps of chalcedony, we
must carefully examine the face of one of the great quarries.

(See Plate VII.)
The flints obviously cannot be pebbles that became

included in the chalk at the time of its consolidation.

Their outlines are far too fantastic, and they have very
often been formed round some white sea-urchin, or round
a fragment of Inoceramus or other lamellibranch shell.
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Some of the shells, moreover, have become filled with solid

flint
;
so that we begin to see that this material has in some

way been chemically deposited. Again and again, on break-

ing up a flint nodule, we find a hollow within, lined with

white dusty projections; and in some fortunate cases the

skeleton of a siliceous sponge falls out of this hollow, or

remains in part cemented to its walls.

Here again we have the spicular origin of flint brought
before us. The silica may have been extracted from the

sea by sponges, may have been redissolved, and finally may
have concreted round other sponges or round any con-

venient centre of deposition. Radiolarians and diatoms

must not be forgotten as possible sources of origin for the

silica. 1 It appears to be a principle that concretions will

gather most favourably round material of the same chemical

composition ;
as in the case of growing crystals, like is at-

tracted towards like. We may expect, then, that the dissolved

matter of the scattered siliceous remains throughout the
chalk will accumulate again round undestroyed siliceous

sponges. If these sponges form anywhere a fairly dense

layer among the deposits, there a layer of nodular flints

arises
;
but this does not seem sufficient to account for the

abundance and regularity of the flint bands in ordinary
chalk. It is probable that the dissolved silica went wander-

ing in the waters which permeated the soft limestone for

ages after its consolidation, and that it finally became de-

posited along those stratification-planes which were the
easiest water-ways in the rock.

This is illustrated by the fact that layers of flint (" tabular

flint ") sometimes occur in the joints and planes of fracture

of the chalk, and in all characters resemble the nodular flints,

except in being more sheet-like and continuous. These
tabular flints obviously must belong to a period far later

than that of the consolidation of the chalk
;
and it is exceed-

ingly improbable that the flints lying along the planes of

stratification were formed at a much earlier date.

At any rate, we may safely conclude that the flints were

never, as some have suggested, in a lumpy gelatinous con-

dition on the floor of the Cretaceous sea. They came

together molecule by molecule, not thrusting aside but

1 See Hill and Jukes-Browne, Quart. Journ. Geol. Soc., vol. li. (1895),

p. 600.



276 OPEN-AIR STUDIES

actually replacing, the particles of calcareous mud, which
had already accumulated to form fairly consolidated layers.
The dull whiter patches that we see in so many flints are

regions where the sponge-remains or shells still preserve
some of their own individuality. In sections made across

these patches, the outlines of foraminifera, of spicules, of

shell-fragments in fact, all the structure of true chalk

can be seen as if the mass were still calcareous. Some of

the larger objects, such as pieces of Inoceramus, may remain

unreplaced ;
but the smaller shells and the limestone-mud

(coccoliths and broken foraminifera) have been converted

into solid flint. The flint found in the sea-urchins or other

shells has similarly replaced the fine chalk that originally
filled them. Often additional flint has accumulated on the

outside, while the shell has still remained calcareous. At
last it may be dissolved away by comparatively modern

percolating waters, and a perfect cast of the interior is left,

loosely embedded in the outer mould.

These internal casts of the heart-shaped and ovoid sea-

urchins are very common among the stones of the flint-

gravels, which result from the decay of the Middle and

Upper Chalk
;
and the frequent branching or simple hollows

in many flint-pebbles in these gravels point to the material

having accumulated round siliceous sponges.
The extremely fantastic surfaces of many unrolled flints is

thus explained. The silicification of the limestone has spread

unequally in various directions, and horn-like and knotty pro-

jections have resulted. In the old Carboniferous Limestone,

precisely similar action is illustrated, and we can trace all

stages between isolated nodules of flint and great uniform

replacements of the rock over many metres of its thickness.

In Jurassic and other limestones, oolitic structures have been

replaced and exquisitely preserved in flint. It is quite clear,

then, that the silica takes the place of the calcium carbonate

during slow processes of change, and that in some limestones

flints may still be growing. The decay of organic matter

has possibly some chemical influence in promoting the depo-
sition of the silica from solution, as it is believed to have
had in the "wood opals" of various countries, in which all

the delicate structures of tree-stems are wonderfully and

microscopically replaced.
The outer layer of the flints from the chalk is singularly
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white. The chalk itself may be washed off, and yet a

dense white undecaying crust remains, which is seen in

striking contrast to the black flint when we look at any
broken specimen. Gradually, if exposed to weathering, the

whole flint becomes dull and light-coloured ;
and this crust

is believed to be due to the fact that the flint has ceased

to grow and spread, and is being dissolved again by the

permeating waters. It thus becomes minutely porous, the

opaline particles of the chalcedony disappearing first
;
and

we may compare the two parts of a common flint to obsidian

and pumice, the one compact and almost transparent, the

other white and opaque because of the multitude of internal

reflections. Flints may decay away completely, if of small

size, becoming as soft as chalk itself. I have thus written

on a black-board with certain altered flints collected from
a high and exposed gravel on Headley Heath

;
and in the

field they might naturally be taken for chalk. But they do
not effervesce with acids, and are practically composed of

pure silica
;
the white crust has spread in this case through

the whole mass of the flint pebble.
The boundary between Middle and Upper Chalk is marked

by a second conglomeratic band, of which a stout ovoid sea-

urchin, Holaster planus, is the characteristic fossil. Here we
have, according to either theory of the origin of conglomeratic
chalk, evidence of earth-movement, either resulting in eleva-

tion or in the readjustment of ocean-currents
;
and Dr. Hume

quotes evidence to show that elevation actually occurred at this

time in many areas, with a consequent increase in glauconite,
and in materials, such as clay and small crystals, brought down

by rivers from the land.

But the Upper Chalk itself, in its wide distribution, im-

plies a farther extension of the great Cretaceous sea. It will

take us too far away from our Surrey Hills to properly discuss

this question ;
but already, from "

Upper Greensand
"
times

onward, the sea had spread west across our islands as far as

the highlands of Derry and Donegal, and as far north as the

area of Mull and Ardnamurchan. The Irish conglomerates
of quartz pebbles, and the Scotch estuarine strata, show the

presence of land along that north-west line
;
but the great

sea, depositing pure organic limestone, now stretched east-

ward across the whole of Europe. The old ridge under
south-east England was finally buried deep beneath 1000
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feet of marine sediments, and there were no longer traces

of even Jurassic hills in Surrey. Sea-urchins abounded,

particularly the species Echinocorys vulgaris, with its flat oval

base, Echinoconus conicus, a steeply conical form with the

mouth central in its base, and Mwraster coranguinum, a

common heart-shaped form. These are among the very
commonest fossils of the Upper Chalk

;
and at the top comes

a belemnite, marked by a slit in the side of the hollow which

protected the chambered shell, the species being entitled

Belemnitella mucronata. This fossil is very common in the

"White Limestone" of County Antrim, and occurs in Norfolk

and the Isle of Wight. But in Surrey the high zone contain-

ing it has usually been denuded away, before the deposition of

the clays and sands which form a capping to the Downs.
The Upper Chalk is rich in bands of nodular flints, while

here and there a thin bed of yellow clay shows, as in the

Middle Chalk, a temporary inflow of shore -material. In
France and the northern parts of central Europe, a still

higher chalk occurs, which may have been deposited in our

area and then entirely lost by denudation. Certain it is that

the tops of our Downs were greatly worn down before the

opening of the Eocene period. Without more than a gentle

folding, the floor of the Cretaceous sea became uplifted, and

only sank again after hundreds of feet of chalk had been
washed away. The flints became rolled into pebbles and
fine sand, which went to build up the early Eocene beaches.

Hence we must seek in France for a complete series of beds,
marine throughout, to represent the great Cretaceous system.
It is the old story of one set of geological observations leading
on to comparison after comparison, until we want to travel

round the globe to fill up all the gaps of knowledge. The
names of the French stages, established by d'Orbigny and

Desor, are now often used for the corresponding divisions

in our own country.
The names of the stages given on page 279 are derived from

districts where the beds are well displayed, their origin being,
in descending order : Denmark

;
the Senones, an old tribe

near Sens, south-east of Paris
;
the Turones, a tribe near Tours

;

the Cenomani, a tribe near Le Mans, south-west of Paris
;
the

Albis, the Roman name for the River Aube
; Apt, east of

Avignon; Barreme in the Basses Alps; and vea ICM/WI, a fanci-

ful Greek version of the name of Neuchatel in western Switzer-
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CRETACEOUS SYSTEM.

Series.
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land. The name Neocomian was formerly used for the whole
of the stages up to the base of the Albian. The line between
the Upper and Lower Cretaceous series is usually drawn in

England at the base of the Albian
;
but the alliance between

the Folkestone and the Hythe beds, and the suggestion of un-

conformity between the Gault and the Cenomanian, seem to

make the Continental custom preferable, as indicated above.

By the removal of much of the British Cretaceous strata,

the marine Eocene beds, when the land again sank, over-

stepped (p. 218) various stages of the Chalk, and are found

resting in places on Middle Chalk on the edges of the Surrey
Downs. We learn, from following out this unconformity,
that the North Downs, as hills, have had at least a double

history, and that the dome across the Weald began to be

denuded at the close of the Cretaceous period. Then it sank,
to be covered by the pebble-beaches and clays which extend

away to London.

We must now finish our climb up the barren face of the

Downs, and enter the beech-woods on the summit. Here
we shall again and again come across patches of beautifully
rounded flint pebbles, sometimes pure black in a matrix of

rich brown loam, sometimes altered and bleached to a pale

yellow in the midst of permeable sand. These are traces of

the shore-deposits that heralded the new incursion of the sea.

The distribution of the Eocene beds shows us that a great

part of Britain remained above water, gulfs alone being now
formed in the area lately occupied by the broad Cretaceous
sea. The escarpment of the London Eocenes forms another

ridge facing us as we walk down the dip-slope of the Chalk
;

it draws near to Guildford on the west, and we cross it at

Leatherhead, after which, as we return to London, it forms a

number of clayey and hilly commons on our left.

The flat-topped hills that stand out in the north-west

(p. 245), such as St. George's Hill near Esher, are formed of

the level Upper Eocene sands. Hence, like the Leith Hill

country, they are given over to dense fir-woods, which form
a region of singular gloom from Bagshot Heath to Aldershot.

The yellow roads run through forests, in which every inter-

val between the pink bare stems is occupied by farther and
farther trees

;
no light reaches the highway, except from im-

mediately above
;
and only here and there, in some sudden

clearing, we can realise our height above the surrounding
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country, and see the sunlight gleaming on the open Downs
to southward.

The unconformity between the Eocene and the Cretaceous

is not to be observed in any single quarry, the one set of beds

lying fairly evenly on the other, and both having been sub-

jected to the same earth-movements in recent times. But
the solvent action of percolating water has produced striking

appearances of local unconformity. In the great chalk-pits,
we must have noticed how the upper layers were frequently
traversed by wedge-like masses of brown sand, coming down

vertically from the surface of the Downs. These are what
the quarrymen call

"
pipes," and are regions where solution

of the chalk has allowed the Cainozoic beds to fall in. The

pipes are probably still being elongated at the present day,
and the surface-soil above them becomes correspondingly

depressed. Often on the back of the Chalk, particularly
towards sunset, the light picks out circular hollows in the

broad curvings of the fields
;
in some cases these are so deep

that the plough can no longer be driven into them, and they
have to be abandoned to a growth of bushes, which they
shelter and protect. These depressions are known as " swal-

low-holes," and represent the upper ends of "
pipes," their

growth and spread being due to the underground solution of

the chalk.

The plane of junction between the Mesozoic and Cainozoic

strata thus becomes very irregular. Sometimes a huge pipe
comes down obliquely into the section formed by the quarry-
face, and then appears as an oval mass of sand and iron-

stained flints, in the midst of the pure white chalk The
workmen, requiring only the limestone, excavate round this

mass, and finally it is left standing out as a brown buttress,

its connexion with the surface being now revealed.

We must not push our investigations farther towards

London, except to note that the Eocene sea ended in an

estuarine period, and that finally, in Miocene times, the

British Isles generally became dry land. But the North
Downs went under water again at the opening of the Plio-

cene period, since some of the pipes above Lenham in Kent
contain marine fossils of that system. A number of casts,

in sandstone richly stained with limonite, are found included

in the material which has been lowered into the Chalk
;

these useless lumps of "ironstone" are thrown aside by the
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quarrymen, and are well worth breaking up with the hammer.
One may thus find casts of Terebratula grandis, and other

unmistakable Lower Pliocene fossils, such as were relied on

by Mr. Clement Reid in proving the age of these interesting
relics.1

Hence the Surrey Hills, in their present form, are very
recent in their origin. If the sandy beaches of a Pliocene

sea were spread over the denuded Eocenes, just as the latter

had previously been laid down across the Chalk, we must

recognise that the area, as we now know it, has undergone
a third upheaval, practically in Post-Pliocene times. The
Lenham pipes are now 600 feet above the sea, and traces of

them are found at various levels on the face of the escarp-

ment, showing that the chalk ridge has been worn back
since they were deposited and since they were lowered by
solution into it. Hence man himself probably existed on
the earth before the Surrey Downs were made, and before

the Chalk was so far cut away as to expose even the Aptian
rocks beneath it. If we give one last look upon the land-

scape that spreads around us from Leith Hill, the extremely
modern character of the present features becomes impress-

ively brought home to us. All the rich variety of scarp
and hollow, all this freshest beauty of south-eastern England,
seems but a trifling incident compared to the great changes
of the past. And we may picture this land of ours, in the

next swing of the continental edge, sinking once more
beneath the waves, and the delicately fashioned scenery of

our own time vanishing like that which once lay around the

Wealden lake. But, after all, our stage is not yet run out
;

and our successors, if they lose the Surrey Hills, may be

rewarded by the possession of still newer landscapes, and of

still keener perceptions to enjoy them.

If domes of strata rise out of the sea, and are carved into

escarpments and long hollows, so also our greatest mountains
have originated in foldings of the crust. There are surprises
still in store for us if we again journey into Switzerland;
and on this occasion we will do things gently, like old-time

travellers, and leave the train at Dole, well between the Cote

d'Or and the Juras. Thence we will cross the hills by road,

and so, from the Surrey Downs, attack the passes of the Alps.

1
Reid, "The Pliocene Deposits of North-Western Europe," Nature, vol.

xxxiv (1886), p. 341.



CHAPTER X

THE FOLDS OF THE MOUNTAINS

IN the Weald we have seen how the denudation of a great
fold has produced a considerable variety of surface, though
the repetition of the features is clear on opposite sides of

the anticlinal. But a series of anticlinals and synclinals, a

series of approximately parallel earth-wrinkles, can bring scarp
and hollow in rapid succession into the landscape ; and, if the

slopes of the anticlinals are at various angles, the contrasts

between one ridge and another may become sharply marked.
In general, the term folded Strata has come to mean strata

bent into a series of such wrinkles
; and, where the folding

is extreme, we speak of it as contortion (Plate XI).
In ordinary folded strata, denudation may remove the

tops of the folds, while their bases may be hidden under-

ground. The anticlinals and synclinals may be nipped by
pressure in their central parts, and may expand above and
below the region of greatest compression. Where such an
anticlinal expands, the beds of its two halves or "limbs"

slope outward and upward away from one another, and
denudation may expose only this upper portion. The older

beds are still in the centre of the fold, but the effect on the

eye is that of a synclinal. Such an arrangement of the

strata is frequent in the heart of mountain-areas, and is

appropriately known as fan-Structure (fig. 32), from the

appearance, on the bare rock-walls, of strata radiating like

the bars of an opened fan.

In contorted beds, the folds may become pressed over in

one direction, so that their two limbs are parallel over long
distances. In the sections exposed near the surface of the

earth, it may be difficult to discover the anticlinals and

synclinals, and the whole series looks like one limb of a

huge denuded fold. But careful search will often reveal

the repetition of some characteristic bed, such as a shell-

band or a coal-seam, by which the true arrangement can
be worked out (fig. 33).
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Where one side of an anticlinal or a synclinal comes

thus to lie upon the other, we may call the whole a

FIG. 32. SECTION ILLUSTRATING FAN-STRUCTURE IN A

MOUNTAIN-CHAIN.

The dotted lines show the original anticlinals and synclinals,

now worn down by denudation.

recumbent fold; and it is clear that in the under limb

of such an anticlinal the beds follow one another in a

FIG 23. SECTION ILLUSTRATING REPETITION OP STRATA PRODUCED BY

RECUMBENT FOLDS, AS SEEN IN ASCENDING A MOUNTAIN-SIDE.

In the anticlinals i and 3 the strata are reversed in the lower limbs of the folds
;

in the synclinals 2 and 4 the reversal is in the upper limbs. Such folding is

usually complicated in nature by thrust- planes.

reversed order, the older ones resting upon the younger.
In the case of a recumbent synclinal, the reversal
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takes place in the upper flank of the fold. (See figs. 33
and 37.)

These are only some of the difficulties that geologists
encounter in dealing with strata which have been subjected
to considerable earth-movements. The whole mass often

gives way along a certain plane of fracture, frequently by
the rupture of a fold, and the beds on one side of the plane

slip up, while those on the other side slip down, the effect

being what is called a fault (fig. 34). The amount of

shifting away of a bed from its normal position, due to

faulting, may vary from two inches or so to perhaps two
miles. The connexion between faults and folds is often

seen by the strata being bent up towards the plane of frac-

FIG. 34. SECTION ACROSS A FAULT, showing the strata bent down on U,
the upthrow-side, and upwards on D, the downthrow-side.

ture on the side that has been lowered, or on the downthrow

side, and down towards it on the opposite, or upthrow side.

A fault, as we may see it in horizontal beds in a Surrey

chalk-pit, or in one of the red clay-pits of the Midlands,

presents no especial difficulties
;
but faults, when we cannot

see them in section, may puzzle us by producing a repetition
of the beds upon the surface. A fault along the strike of

uptilted beds causes a part of the series to begin over again,
with a corresponding repetition of the scenery to which it

gives rise
;
and a fault more or less parallel to the dip

carries the inclined beds forward on the side that has been

dropped, so that their outcrops end off abruptly against the

fault-plane, and their continuation has to be sought for at



286 OPEN-AIR STUDIES

some distance away along that plane (fig. 35). In looking
at a geological map, this lateral shift can often be observed

(the faults in English maps are represented by white lines) ;

and the downthrow side, or that on which the beds lie at

the lower level, can be determined by the following rule :

In tilted strata, all faults, except those parallel with the

strike, cause a lateral shifting of the outcrops, and thus older

and younger strata are brought into contact at the fault-

plane ;
the side on which the younger stratum of any pair

lies is that on which the beds lie at the lower level. That is,

therefore, the downthrow side of the fault.

In most faults, the plane of the fault slopes down to-

wards the downthrow side, as in fig. 34; when it slopes
towards the upthrow side, we have
a reversed fault, and the beds on
the downthrow side come to lie

below their representatives on the

upthrow side. Where we have a

reversed fault with the fault-plane

D nearly horizontal, it is called a

thrust -
plane ;

masses of strata

may be moved along it for
FIG.35.-PLANOFAFAULTIN geveral mileg and may fce left

tatlded ^^ ^ *'****
oi an utterly incongruous char-

The arrow points to the spot .
J

p ,

towards which the beds dip.
acterv A perfect puzzle may

D and u as in fig. 30.
result

;
the tops of anticlinals may

be brought directly over the bases

of synclinals, an oval grouping of strata being the result,

while horizontal beds are often caused to lie upon vertical

ones, with an appearance of striking unconformity. Yet
in this latter case the two discordant series may be in

reality one and the same, the horizontal top of some
broad anticlinal having been carried forward on the thrust-

plane until it rests above the vertical beds of one of its

own limbs.

One puzzling effect of gently sloping thrust-planes is to

bring up strata from the depths and to land them on those

that are much younger. To see what the field-surveyor has

to face, it is well to draw imaginary contortions with chalk

upon a piece of brown paper ;
then cut the whole across

along an approximately horizontal line, and shift the one
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half over the other, noting the great variety of apparent
unconformities produced, according to the extent of the

movement. An ecstasy of confusion can be reached by
drawing a contorted series in which true unconformities and

ordinary faults already exist, and then dividing that by a

great thrust-plane. One may imagine the joy with which
well-marked fossil zones are hailed in a country where
the structural features have obliterated in this way all the

original relations of the strata.

Thrust-planes very often occur through the heart of a

recumbent fold, the opposite limbs of the fold becoming drawn
far away from one another along the plane of fracture.

In all varieties of faulting, we have no evidence of rapid
action in the tearing and displacement of the beds, but
rather of long slowly acting pressures, which at last could

not be resisted, the rocks yielding gradually, and shifting
their places year by year. A number of sudden little slips,

however, probably occur during such movement, a shock

being given at each slip to the beds on either side. Some
one has hence aptly described faults as "fossil earthquakes."

Often a broken and mingled mass of rock occurs along
the plane of fracture, its angular fragments being derived

from all the rocks affected by the movement. This broken
material is the fault-rock or fault-breccia. 1 We must re-

member that most rocks in a contorted series cannot break

up, since their parts are under such pressures, exerted all

round them, that they have no room in which to slide apart.
But sometimes there are masses of a compressible or yielding
character lying between harder and more resisting ones;
then the former series begins to be deformed, and to flow in

a direction perpendicular to that in which the main pressure
is exerted

;
and this allows the harder but more brittle masses

to break up, so that they are pressed in fragments into their

softer neighbours. A breccia results, of all degrees of coarse-

ness
;
and we have often to trace it to some distance before

we can determine its true character. Thus, on the pro-

montory of Howth near Dublin, hard quartz rocks have
been crushed and broken among the shales, with which

they once formed a conformably bedded series. When an

1 Pronounced bretshia, the word being Italian, and having been originally

applied to a number of ornamental stones composed of angular fragments set

in a natural cement.
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igneous mass thus becomes "brecciated" under earth-move-

ments, it may easily be mistaken for a volcanic tuff.

The flow of yielding beds to escape from pressure is

illustrated in many common outcrops of tilted strata. An
immense number of small cracks are seen in the beds, run-

ning perpendicular to the strike, and perhaps rendered con-

spicuous by an infilling of quartz or calcite. These cracks

result from the oozing away of the beds under the pressure
which has produced their tilting.

Armed with these ideas, we may now set out upon our

next and longest journey. We have crossed the Paris

Basin, which is so like the broad synclinal area of London,
with the Cretaceous beds fringing it, their escarpments

facing outwards in a ring; we have climbed to the very
sources of the northern rivers, and have seen the Seine and
the Marne diminishing on the great Jurassic plateau ;

and
now we are down from the Cote d'Or, across that escarpment
also, and ready to attack the folds of the long blue Juras and
the Alps.

The great ridge behind us, worn out of the Middle Jurassic

limestones, forms one flank of a valley fifty miles wide, the

other flank being found in the Jura range about Poligny.
The Saone, descending from the Vosges, and its tributary
the Doubs, almost parallel to it, here unite to form a river

worthy of such a valley. Beneath and beyond their modern
alluvial reaches, the whole wide hollow is covered with a

plain of Pliocene gravels, which choked the original valley
soon after it was excavated. Paludina, the common fresh-

water gastropod, occurs in some of the associated marls, and

the bones of extinct elephants, Elephas meridionalis and

antiquvSj indicate the age of the deposit. The valley,

then, is somewhat older than our Wealden excavation, and

was filled with gravel from the Jurassic slopes round it in

Upper Pliocene times.

From Dijon, at the foot of the Cote d'Or escarpment, to

Auxonne, the ground is practically level
;
but just before the

quaint old town of Dole we come over the shoulder of a gentle
hill. To the north there rises a broad-backed ridge, some ten

miles long, which forms a barrier between the Rivers Saone and

Doubs. The rocks composing it are folded masses of Triassic

and Permian strata, resting on granites and "gneisses," which

are at least older than the Carboniferous period. This little



THE FOLDS OF THE MOUNTAINS 289

ridge of Dole is a model, as it were, of the great forest-range
of the Vosges farther to the north, and is by far the most

interesting object in the valley. On its flanks Jurassic rocks
were deposited, which form the hilly ground on which Dole
itself is bnilt

;
but the great stretch of Pliocene gravels has

hidden almost all these older features. The Dole ridge is in

reality a projecting part of a buried continuation of the

Vosges : it is a survivor of a mountain-range older than
Jurassic times, and in part older than the Carboniferous

period ;
and it speaks to us of a European continent which

passed away almost completely beneath the Jurassic sea

Doubtless, between Dole and the central plateau of Auvergne
(p. 148), other peaks approach the present surface; and we
shall soon see how these buried mountains have asserted

themselves in resisting more recent earth-movements.
After the steep streets of Dole, we have another fifteen

miles of extremely level country, across the old gravels and
the later alluvium of the Doubs

;
but a few rolls of hills soon

begin to rise up against us, and at Mouchard we pass under
a railway-arch and are suddenly in a new world. The rail-

way runs south, avoiding the mountains, which here rise

quickly from the plain. The unconformity between the

gravels and the Juras is as marked as that between the great

plains of India and the Himalayas, and the change of scenery
is equally abrupt. We are now among the masses which
have showered down all these limestone pebbles into the

valley. The road begins to climb in windings to the head
of a long combe ;

the streams flow down swiftly under fir-

woods and great limestone scars
;
and the side-valleys are

flanked by bold cliffs and craggy promontories, on which the

fortresses of the frontier are set proudly, tier on tier. If

Auxonne is a typical city of the plain, Salins, on the other

hand, massed upon a cliff-set slope, is typical as a mountain-

stronghold. Mile by mile we push up into the forest, meeting
cows with bells about their necks, driven by peasant-girls,
and enormous timber descending on carts drawn by oxen,
and all the life of a highland roadway under the clear cool

mountain- air. We are now well up among the Juras, which
stretch to the north-east beyond Bale, and on the south to

Chambe"ry, a range of 200 miles.

Travellers by rail into Switzerland also know well this

sudden transition from the gentle lowlands to the Juras.

T
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Even on the route to Bale, where we climb somewhat mildly
at the first, we wake up after the long night-journey, to see the

clouds wandering among crags and pinnacles, and the rivers

foaming in limestone canons far below. The long escarp-
ments are here far bolder things than in our homely and

simple Surrey hills. The dip-slopes are often as steep as the

scarped fronts, and the frequent folds cause them to face

now this way, now that, in the complexities of the same

mountain-landscape. The valleys are cut deeply into the

pale grey rock, which often rises in characteristic vertical

walls, like those of the Cheddar gorge in Somerset
;
and

these irregular canons form the defiles known locally as

cluses. Occasionally some wider valley-floor thrusts back the

fir-woods on either hand, and its soil is given over to cultiva-

tion. The villages, which die away in the cluses, are here

grouped close to one another along the road, six or seven

being in view at once. Clearly some attraction beside the

Jura limestone has drawn these agriculturists together.
After the broad grassy uplands of Pontarlier, where we are

on the real crest of the mountains, with the ridges only feebly

emerging round us, we enter another defile and cross the

frontier into Switzerland. The descent of the Jura is far

severer than the western ascent; but the steep valleys are

broken here and there by some oval alluvial area, the floor

of an old mountain-lake. The busy little towns, alive with

mechanical industries, take advantage of these level patches ;

and in between them the road may have to be cut in the

side of sheer limestone cliffs, to secure a passage from one

town to another. Far below, we may see the old mule-track,

struggling with the torrent for a place in the floor of the

ravine. As we come down on Neuchatel, another huge valley,

like that of the Saone, opens before us, with blue lakes lying
in it. One flank is formed by the Jura mountains, but the

other is still more magnificent ;
for we see there, twenty miles

away, the blue-grey foot-hills of the Alps, with the snow-

masses of the central range, thrice as distant, towering, like

sunlit clouds, beyond. This first glimpse of the Alps is

one of the most impressive features of our journey. While
we are pausing among the cliffs and forests of the Juras,

we know that their mightier rivals wait for us across the

lowland. When we finally approach them, we shall be lost

in the complexities and indentations of their denuded sur-
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face
;
but here, as at Schaffhausen and other distant view-

points, we can grasp all their grandeur as a massive and
continuous mountain-range.

The Juras are built almost entirely of Jurassic strata,

consisting mainly of massive and pale grey limestones
;
and

their folds have considerable regularity, striking north and
south from Chambery to Geneva, and then gradually curving
round, until at Bale they strike E.N.E. It very often

happens in denuded areas that ridges are carved out of the

heart of synclinals, because the beds in them have become

pressed together and made more resisting ;
while the anti-

clinals, on the other hand, give way along their crests, pro-

ducing valleys running parallel to the strike. But in the

Schdnenberg

M Balsthal

Scale of Metres

FIG. 36. RIDGES AND VALLEYS FORMED BY FOLDS IN THE JURA MOUNTAINS.

E, Eocene lacustrine deposits ; M, Middle Jurassic ; R, recent deposits ;

U, Upper Jurassic. (After Rollier,
"
Livret-guide ge"ologique," pi. iii.)

more gently folded regions of the Jura, where faults and
reversals of strata have not complicated matters, there are

long ridges formed by anticlinals, and valleys lying in syn-
clinal hollows

;
so that the general structure of the range

has always been referred to as one of unusually simple and

diagrammatic character (fig. 36). Faults and reversals,

however, occur, approaching those of the Alps themselves in

disguising the true relations of the strata
;

l and the total

chain now occupies only two-thirds of the space that its

strata covered before the folding-processes came into play.
Cretaceous beds are found in the Juras

; but, with a few

exceptions on the west, only the lower series appears to

i See Bertrand, Bull. Soc. gfol. de France, 3me. seV., tome x, p. 1 19
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have been deposited ;
hence we conclude that an upheaval

occurred along this line about the middle of the Cretaceous

period. But the valleys along which so many of the villages
cluster are floored with fresh-water Eocene and estuaririe

Oligocene beds, oysters occurring in the latter. The sea was
not completely thrust out of the area in Lower Oligocene
times

;
and north-west of Solothurn we find traces of marine

incursions even among Miocene strata. 1 The Miocene of

the Juras is in general fresh-water
;
but the deposits are

folded, and are preserved along the synclinals of Jurassic

rocks. Hence the great and final squeezing of the Juras to

form a mountain-range occurred as recently as the end of

the Miocene period. Prior to that, a promontory rose here,

bordered by scattered islets
;
and in early Cretaceous times

scarcely a rock had appeared above the sea.

The form of the range as a whole must have a meaning ;

and here our minds go back to Dole, with the little boss of

ancient crystalline rocks appearing above the surface of the

plain. If we carry on. the line of this ridge to meet the

Vosges, we see that the old axis of the Vosges-Dole moun-
tains ran parallel to that part of the Juras which lies to the

south-east. Beyond Bale, the similarly old granite mass of

the Black Forest forms another landmark of the ancient

floor of Europe ;
and it is just against this region that the

Juras begin to swing round to the east. Turning to the

other end of the chain, we see that west of it, across the

alluvium of the Saone, the central core of France sends out

long ridges to the north, parallel to the adjacent Juras. It

now seems certain that the earth-movements which com-

pressed the chain exerted pressure from the south-east
;
the

upper layers of the crust became wrinkled up, but the far

older mountains of Europe acted as buttresses to resist the

movement. Forced against the hidden slopes of the central

plateau of France, against the ridge of Dole, extending to

the Vosges, and against the stubborn highland of the Black

Forest, the whole chain assumed a crescentic form, its concave

side being towards the direction from which the pressure
came. We thus gain a fine conception of the sliding of the

Mesozoic beds over a land-surface which had long been buried,

and on which they had been unconformably laid down
;
and

1

"Livret-guide dans le Jnrn et les Alpes," Congr&s qfal. international,

1894, p. 23.
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we see that, because the ancient ranges had run from the

south to the north-east and east, our far later Juras were

forced to take up the same curve.

We must now pass out from Neuchatel, with its cuttings
in the yellow Neocomians, and ascend the valley of the Aare.

We cross a somewhat irregular lowland, cumbered with

materials brought down by rivers and glaciers in recent

times, and rise from Berne into the true foot-hills of the Alps.
Round us are wooded knolls, as large as British mountains,
formed of upturned Miocene and Oligocene strata

;
some of

the Miocene beds are marine, and yet they are clearly in-

volved in the movements that have made the Alps.

Huge banks of conglomerate occur in the Miocenes as we
near the central range. The bedding is sometimes shown by
the arrangement of the pebbles, and we see these old delta-

cones and alluvial flood-banks now pressed together and

folded, and sometimes absolutely set on end. The blue clays
of the Miocene sea, with a wealth of molluscan shells, are

abruptly overlain in places by these thick conglomerates."
A fine study may be made of them away in the north-

east, close above the town of St. Gallen. Here the earth-

movements have crushed the pebbles into one another, the
limestone pebbles becoming dissolved under the stress, and

receiving perfect impressions from those forced into their

surfaces. Everything speaks of the greatest earth-movement
and pressure ;

and yet these beds were contorted as recently
as the Pliocene period,

But a mountain-range must have existed near at hand to

supply the abundant pebbles. Near Thun, as we reach the
first lake on the Aare, we find pebbles of limestone, worn
from the Cretaceous and Jurassic rocks, forming whole banks
of the conglomerate. With them are pebbles of granite and
other crystalline rocks, such as we shall study in the central

ridges; so that these older masses had in part become un-
covered and denuded in Miocene times. The conglomerates,
indeed, represent a period when something like the Alps
existed to the south, but when the Mesozoic limestones

occupied a much larger area on the surface than they do
at present.

Farther on, as the road is cut and tunneled in pale yellow
limestone above the Lake of Thun, we find fossiliferous beds
full of large foraminifera, the genera Nummulites audOrbitoides
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being predominant. These are Eocene marine beds, the so-

called
" Nummulitic strata" of the Alps. They have a strangely

massive and compacted air when compared with our gently

dipping clays and sands of the same age in south-eastern

England (p. 280).
Ribs and ridges of Cretaceous and Jurassic limestones,

grey and pale as in the Juras, now appear from under the folded

Eocene
;
and at Interlaken, between the Lakes of Thun and

Brienz, we have left the Cainozoic foot-hills, and find the

Mesozoic rocks, crushed and bent and reversed in order,

against the huge wall of the Bernese Oberland.

We are now in the country of the lakes, with that of

Lucerne temptingly in the north-east, and the great Lake
of Geneva in the south-west. Following the strike of the

strata in the foot-hills, we cross the Brunig Pass, which is

merely a notch caused by the cutting back of the head of

a northern river into the wall of the valley of the Aare. As
we descend towards the Lake of Lucerne, we have Eocene
and Oligocene masses piled 4000 feet above us on the left,

and Eocene and Jurassic beds alike infolded towards the

summit of the Titlis, 10,000 feet above the sea upon our

right. The later earth-movements, then, have clearly re-

sulted in serious mountain-building.
The lakes themselves may claim our attention for a time.

What connexion have they with the general structure of the

foot-hills ? The Lake of Thun may have accumulated behind

the great alluvial banks which choke the valley from Thun to

Bern
;
and the flat between this lake and that of Brienz is

clearly formed by the encroachment of a delta due to torrents

coming from the south. But the depth of the floor of these

lakes would probably suggest additional causes of their for-

mation. When we reach the Lake of Lucerne, with its

singular winding form and its long inlets, we are irresistibly

reminded of our west-coast fjords. The valley that we de-

scend from Sarnen is continued by one of these inlets
;
to

the west, the Reuss issues along another
;
and the lake

stretching up to Kussnacht seems to have occupied the

whole of a valley-floor. A rise of 80 feet in the waters of

the lake would extend it up another valley from Brunnen
towards Schwyz, and would connect it across the low col with

the Lakes of Lowerz and Zug.
The grandest portion of the Lake of Lucerne is from
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Brunnen south towards Altdorf, where the walls come down
almost vertically into the water, while the railway finds room

only by tunneling, and the road climbs high above, cut into

the face of the cliff. It is a repetition of the steep features

of the north shore of the Lake of Than. Surely here we have
a flooded valley, with a plain of alluvium forming beneath the

water in its floor (compare pp. 8 1 and 141).
The depth of the lake in places reaches 850 feet, that of

the Lake of Zug being 1320 feet
;
in neither case can a vast

alluvial dam be pointed to as the cause of this great accumu-
lation of the waters. The Reuss runs out at Lucerne through
a narrow groove cut in Miocene hills

;
but no river can have

excavated the deep and narrow bed of the lake, as we now
know it, between Lucerne and Altdorf. Yet the whole

plan of the lake is clearly connected with the rivers ;
the

explanation must be that the Alpine movements continued
even after the Reuss had carved its channel, and that the

floor of the valley became bent, either by an uptilt near

Lucerne, or by a subsidence of its central and upper por-
tions. Considering the length of the lake, some twenty-four
miles, a small angle of earth-movement would suffice to give
it considerable depth.

It is now believed that the Swiss lakes as a whole result

from the formation of local depressions, and partly from a

sinking of the central Alpine chain,
1 which here and there

has actually reversed the direction of the slope of valley-
floors in certain regions. The great Lake of Geneva, which
is similarly a feature of the foot-hills, is thirty-seven miles long,
and 1014 feet (309 metres) deep. The detrital cone of the

Rhone goes down steeply under the water, much like an
alluvial cone on a mountain- side

;
but the steady flow of the

river washes out the finest material, and spreads it with re-

markable evenness over the central floor.2 The original hollow
formed by earth-movement was evidently much deeper, and
is being filled up by an extraordinarily uniform and level

alluvial flat.

The formation of lake-basins through the occurrence of

movement in the floors of valleys has gone on equally on the
broad surfaces of continents, as in the case of the inland

1
Forel, "Le L&nan," tome i, p. 231 ; Heim, "Die Enstehung der alpinen

Randseen," Vierteljahrschr. naturforsch. GescU. Zurich, Bd. xxxix (1894), p. 8l.
2

Forel,
" Le L&nan," tome i, p. 51.
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seas of North America, and among the narrow grooves of

mountains, as in our Scottish highlands. Loch Ness is thus

a flooded portion of the Great Glen, 20 miles long, ij miles

wide, and 774 feet in depth.
Hence the lake-region brings the period of folding in

the Alps very near to our own time
;
and occasional earth-

quakes, particularly at the Venetian and Croatian end of

the chain, point to the actual continuance of movement,

upward or downward, at the present day. These mountains,

then, which began their great uplift through the waters of the

Eocene sea, are not even now in a state of equilibrium and rest.

The upper half of the Lake of Lucerne lies among the

folds of Cretaceous strata, which are superbly seen upon
the mountain-walls that bound it. The Upper Cretaceous

series is here present, showing that the Alps did not share

in the early upward movement which made the Juras a

promontory in the Cretaceous sea. The Miocene con-

glomerates have been carried up and contorted to form

the summit of the Rigi, 5906 feet above the sea; and in

the valley at Altdorf the nummulitic Eocenes have become
bent in under the Lower Cretaceous beds, a fine example of

reversal. As we commence the ascent of the St. Gotthard

Pass, these marine Eocenes lie caught in above us on the

peaks of the Windgalle (fig. 37), forming a long recumbent

synclinal; Jurassic strata wrap round them, and tower in

crags above them in the reversed upper limb of the fold.

This is the last we shall see of the Cainozoic beds on this

side
;
for we are now on the threshold of the crystalline

masses which compose the central Alps.
The contrast between these and the Jurassic and Triassic

beds, which are thrust across their upturned edges, is at first

of the most unmistakable character
;
but we must be on the

look-out for synclinals of the Mesozoic rocks folded deeply
into the heart of the chain. The junction is no longer

merely an unconformable one, but is complicated by the

fact that the Mesozoic sediments and the underlying crystal-
line rocks have all been involved together in the greatest
earth-movements of the Alps. The eroded coast of Mesozoic

times, the sands and muds and limestones formed against

it, and the sea-floor on which they lay, have all been rolled

up as if they were a mere film upon the surface of the earth.

It is as if we were to lay down two or three thicknesses of
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carpet to cover up the irregularities in the floor of some
old cathedral, while changes in its level still go on. At one

point the supporting arches of the crypt give way, at another

the columns remain firm
;
and finally the floor becomes bent

and broken, the carpets, and the layers of dust upon them,

rising and falling on its folds. The crypt thus represents
the unknown masses of the inner crust; the floor is the

Grosse

Maderanerthal

SCALE OF METRES.

FIG. 37. RECUMBENT SYNCLINAL AND FOLDING ON THE WINDGALLE, IN

EASTERN SWITZERLAND.

C, Carboniferous, repeated also under the letter L
; E, Eocene

; G, Gneiss ;

J, Jurassic
; L, Lavas of Carboniferous age ; S, Schists. (After Heim and

Schmidt,
"
Livret-guide geologique," pi. viii.)

ancient crystalline ground of Europe ;
the carpets will serve

for the Mesozoic sediments, and the dust upon the topmost
one for the Eocene and later accumulations. 1

The rocks that we now meet with in climbing the

central range have mostly a distinct structure, formed by
alternating layers of different crystalline minerals. Some

1 Professor Suess, in his "Antlitz der Erde," renders the above com-

parison not so fanciful as it may appear, by urging that subsidence of the
crust leaves mountain-masses standing up, wherever older pillars and ridges
support them, like our crypt-columns, from below. But subsidence of the sur-

rounding areas, acting alone, will hardly account for the enormous amount of

thrusting and contortion observable in great mountain-chains.
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of these rocks suggest the altered material in contact with

the granite of our highland (p. 199); while others are far

more coarse-grained, and show large crystals of quartz and

felspar. The more finely grained varieties can be split

parallel to the planes along which the minerals have de-

veloped, and derive their name from the Greek cr^tfo), "I

cleave,'* being known as Schists. The coarser and more

felspathic types are known by the old Saxon mining term,

Gneiss.
It is obvious that their constituents have not been

deposited in layers by ordinary sedimentary action. They
are intergrown with one another, and here and there radiat-

ing tufts of some rod-like mineral shoot out along the

layers. Mica, dark or pale, is one of the very commonest

constituents, often covering whole curving surfaces of the

rock
; quartz occurs in streaks and elongated nodules

;
and

little red garnets may be seen, over which the micas are

folded, as if they had been pressed against an obstacle.

All these features are still more marked under the

microscope, if the section is cut across the layers. Com-

parison with our specimens from the contact of shale and

granite (p. 200) shows that we are again dealing with a

secondary mineralisation. The original condition of a schist

is, however, very hard to trace, owing to the complete

crystallisation that has gone on in its materials. It was

formerly believed that new minerals had developed along
the original planes of bedding ;

but it appears that the

schist-planes generally arise during the alteration of the

mass, and obliterate any structure which it may formerly
have possessed. Schists and gneisses represent, indeed, the

higher stages of metamorphism (p. 199).

Slate serves well as an example of a rock in which new
divisional planes have arisen under metamorphic action.

The beautifully marked bedding of shale (p. 100) is due to

the tiny clay particles having all become laid out with their

longer axes in parallel planes, like little plates spread in

layers over one another. The weight of subsequent beds

presses any upstanding particles down into the requisite

position, thereby assisting the delicate regularity of the

stratification. The rock thus splits, almost like sheets of

paper, along its planes of bedding. But if such a rock is

subjected to steady pressure, acting parallel or obliquely to
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the bedding-planes, the little platy particles will shift among
themselves, and will finally struggle round, until their flat

surfaces are perpendicular to the direction of pressure. The
delicate shale-structure thus disappears, and still more marked

planes of division arise in a new direction throughout the

rock. We then say that it possesses a cleavage, which is

one of the earliest features of metamorphism produced by
pressure.

Again and again we can trace in slates the direction of

the original bedding. Greenish bands run across the cleavage-
surfaces, and are often somewhat crumpled. These represent

gritty and more resisting beds, which were unable to take up
the cleavage. It is clear that cleavage could be produced in

an irregularly piled mass of plates, or in a sackful of pins ;

but it could not arise in a mass of well-rounded sand. The

particles must be distinctly short in two directions and long
in the third, as in the case of rod-shaped amphiboles, or long
in two directions and short in the third, as in the case of

flakes of mica. Grains of spherical form are obviously not

forced to shift their positions in this way under pressure.
The chances are that a rock-mass, subjected to such

enormous pressures as occur within the earth, will tend to

become deformed, and will flow away in the direction of least

resistance (compare p. 288). Usually, as we have said, a

movement will be set up among the particles in directions

perpendicular to that along which the pressure acts. If there

is space for such movement, the more resisting particles may
become fractured, and their powder may be streaked out

round about them. Thus sand-grains may be converted into

lens-shaped masses of powdered quartz, the principal cracks

that cross the rock being parallel to the direction of pres-
sure. 1

By this spreading out and deformation of the original

grains, even a sandstone may have a rude cleavage imparted
to it.

In almost every slate, chemical and mineral changes have

accompanied the purely physical ones. The cleavage-surfaces
become coated with delicate films of mica, and this mineral

developes abundantly through the rock. But its plates can

grow only in the direction of the cleavage-planes, and thus

1 See W. J. Sollas,
" On the Structure and Origin of the Quartzite Rocks

in the Neighbourhood of Dublin," Proc. Roy. Dublin Soc., vol. vii (1892),

p. 185.
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finally help to emphasise these surfaces of division. When
new minerals have developed to a conspicuous extent, the

rock passes into a schist. A simple slate is merely cleaved
;

a schist possesses a cleavage, accompanied by more or less

extensive molecular changes, its older constituents becoming
enlarged by the addition of new crystalline material, and new
combinations occurring, giving rise to "

secondary
"
minerals.

The mineralisation of the rock, however, destroys the

perfection of the cleavage. Knots of garnet, quartz, or

andalusite, needles of amphibole, and thick lens-like aggre-

gates of mica, grow under the influence of heat and pressure,
and roughen the surfaces of division. Let us picture the

results of lateral movement among all these materials, whether

they have already consolidated or are still developing. The
rock tends to ooze outwards in directions perpendicular to

that of the pressure. Every mineral aggregation becomes
deformed and spreads out into a lenticle

;
even the quartz

may yield, as we saw above, and the robust garnets may also

be broken down. There will thus be a true flow of the

crystalline materials, the micas especially being carried along
in sheets over the more knotty and irregular constituents.

Silvery mica becomes, in fact, often plastered on to the sur-

faces of every other mineral, and assumes an exaggerated

importance until we break the rock across the cleavage-planes.
These planes are so wavy and irregular, so modified by the

flow of the mixed materials, that we cease to speak of
"
cleavage

"
in a schist

;
we say that the rock possesses

foliation. The "
folia

"
which give rise to this structure are

the deformed and flattened minerals, their typical shape being
that of greatly extended double-convex lenses, often bent
and crumpled. The thickest portion of any one may be taken

to represent the region where the crystal or crystal-group first

began to develope in the rock.

After what we saw of contact-metamorphism (p. 1 99), we
shall not be surprised at the variety of minerals that arise

during these larger processes. Felspar granules are common,
and form a sort of mosaic in certain layers ;

and long needles

of green hornblende, or of various silicates rich in alumina,

spread along the planes of foliation. There is a complete

passage between slate and schist, and between schist and
certain types of gneiss, and the one rock may have arisen

from the other by long-continued metamorphism.
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But it is only rarely that crystalline schists can be traced

in the field into the sedimentary rocks which provided their

materials. The folding and faulting of the whole rock-

masses have been so enormous that all continuity between
the original unaltered sediment and the metamorphic product
is likely to have been broken through. Moreover, schists very

commonly arise from the metamorphism of igneous masses,
in which a number of minerals are present ready-formed,

serving as centres for new products to gather round. Thus

gabbros and diabases have been traced into hornblende-schists.

The pyroxene breaks down and recrystallises as granular horn-

blende; the plagioclases become reconstituted in fine-grained
and similarly granular groups ;

and the flow of the rock under

pressure draws out these minerals into distinct foliated bands.

Every feature of the flow-structure of molten lava (p. 165) is

imitated by the movement of these crystalline and practically
solid materials. The larger crystals of the original rock often

escape complete destruction, and appear as elongated knots or
"
eyes," disturbing the regularity of the foliation.

Similarly, a great proportion of the gneisses result from

earth-pressures acting on granites and their allies. The rock

breaks down l and begins to flow
;
the quartz in part becomes

powdered, and the larger grains are cracked and elongated ;

the felspars are similarly broken and deformed
;
and a folia-

tion is given to the mass by the mica or other yielding sili-

cate, which forms films and wavy streaks in among the other
minerals. Many gneisses, on the other hand, merely show the

original flow of the molten rock (p. 212), particularly where
the mass was intruded after a certain amount of separation
had gone on among its constituents. 2 In other cases the in-

trusion of parallel igneous sheets along the divisional planes
of some crystalline rock has given rise to a coarse gneissic
structure, the bands of the original rock alternating with those
formed by its invader. But, in a

great
number of gneisses

there is clear evidence of the influence of pressure-meta-
morphism. The varieties of schist and gneiss need in no

way surprise us, when we picture the variety of materials

brought by subsidence into the hotter regions of the earth's

crust, and there subjected to compression in some directions

1

Compare T. G. Bonney,
" Biotite and Hornblende from the Binnenthal,"

Quart. Journ. Geol. Soc., vol. xlix, p. 112.
2 Geikie and Teall, Quart. Journ. Geol. Soc., vol. I (1894), p. 657.
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and to extension in others, like a red-hot iron bar between
the rollers of a factory.

Some gneisses possess a most marked banded structure,
with sheets of quartz and pink felspar folded in among
darker and finely grained micaceous layers. Such cases

probably result from the metamorphism and rolling out of

a region where an igneous rock had penetrated a mass of

clays ;
our old granite highland may thus some day become

kneaded up again in the great earth-mill, and only a general
streakiness in the resulting gneiss will show the original

complexity of its structure.

Clays and shales and slates give rise to Mica-schists,

containing varying amounts of quartz and garnet, and per-

haps a little felspar, according to their original chemical con-

stitution
;
but highly siliceous sediments produce Quartzites.

Quartzite is the hardest rock ordinarily met with
;

it breaks

across the original sand-grains, and furnishes very angular

fragments highly suitable for road-metal. Sometimes its

granular character can be seen with a lens, a cement of

secondary silica having bound the whole together. This

cement is deposited in perfect crystalline continuity with

the grain round which it is formed, and the quartz-coatings
of any two grains meet one another in the space between
them and interlock completely with one another. Hence the

rock, with the exception of the few impurities that it may
have contained, becomes a mass of quartz throughout, and
the knife can no longer produce any impression on it.

Quartz-schist results from the deformation of such a rock,

as already described (p. 299) ;
and the foliation is often aided

by flakes of mica which were originally present, or which
have developed from the impurities during metamorphism.

Limestones, again, become converted by pressure-meta-

morphism into Crystalline Marbles, all traces of their fossils,

and often of their original bedding, having disappeared, and

the rock becoming a mass of closely fitting granules of calcite.

Streaks of materials which were subsequently carried through
them by permeating waters often give marbles additional

value as ornamental stones. Where a flow has occurred

under pressure, any impurities present, or capable of pro-

ducing crystals, commonly mark out the foliation-planes ;

and thus we have micaceous marbles, which are common in

the south-west regions of the Alps, and marbles with amphi-
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bole, developed in spreading fern-like patches, such as those

of central Sutherland. Such foliated marbles may well be

described by the old French name, Calcschist. In meta-

morphosed limestones, the softness of the calcite, and its

glancing cleavage-surfaces, will easily serve to distinguish
the rock from quartzite.

Crystalline Dolomites also occur, where a limestone has

been chemically altered, half of its molecules of calcium

carbonate having been replaced by magnesium carbonate,
and the mass having then been subjected to pressure-meta-

morphism. The specific gravity of such rocks is about 2.85,
a character that will distinguish them from ordinary marbles,
which give about 2.72. True dolomite, moreover, where the

replacement has been in the proportion stated above, does not

effervesce in cold acid, like ordinary limestone, but only upon
heating (p. 18).

Schists sometimes consist of hornblende and granular

felspar in foliation-layers (Hornblende-schist), as at the Lizard

in the south of Cornwall. These, as above hinted, are the

products of the metamorphism of igneous rocks of the

"greenstone" or diabase type (p. 208). Chlorite -
schists,

commonly spotted with magnetite, probably also result from
the alteration of igneous rocks; and Serpentine-schists are

fairly common among the Alpine ridges, these soft and easily

squeezed masses arising from the metamorphism of rocks

once rich in olivine.

As we go up towards the St. Gotthard Pass by the steep-
sided valley of the Reuss, the walls begin to close in, and
the rocks around us become more coarsely crystalline. At
Goschenen, where we look up towards snows and glaciers near
at hand, the bare cliffs of the ravine are formed of a white
micaceous granite, passing, by development of foliation, into

gneiss. This is the typical rock of the central Alps, and is

traversed by huge joint-planes, which often give smooth
surfaces to the cliffs. The most striking part of the valley is

between Goschenen and Andermatt, after the great railway-
tunnel has started beneath us on its nine-mile journey through
the ridge. An avalanche-gallery protects us from the slip of

the great jointed blocks of granite, and the road winds upward
in characteristic Alpine curves. The Reuss comes down in

thunder beneath the Devil's Bridge, deluging the road with

spray ;
and the solid promontory in front has been bored
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through to provide a passage. Suddenly, on the other side of

it, we emerge upon a long grassy valley, leading westward to

the Furka Pass. The hills on either side, often snow-covered,
are smooth, and green with vegetation ;

and the chalets of

Andermatt lie smiling in the entrance of the valley, with the

ruined tower of Hospenthal upon its little mound beyond.
We are reminded of the clustering of the villages along

certain valleys in the Juras; and we have, in fact, now
come across, 4800 feet above the sea, one of the remaining
infolds of Mesozoic strata in a deep synclinal of the schists.

In the grey limestones before Andermatt, corals and sea-

lilies have been found, and the calcschists extending up to

Hospenthal contain Lower Jurassic belemnites. 1 Similar

remains, crushed and broken, with unmistakable fragments
of ammonites, occur on the much frequented pass of the

Great Scheidegg near Grindelwald, and in numerous other

places. Above the Great Scheidegg towers the crag of the

Wetterhorn, in which Jurassic synclinals lie almost horizon-

tally amid the intense folding of the gneiss. The metamor-

phism of the Mesozoic rocks has often proceeded so far as to

convert them into mica-schists, in which all trace of fossils

is obliterated.

And now from Hospenthal, probably in cold drifts of

northern cloud, we turn out of this strange high valley
towards the sterner masses on the south side of the syn-
clinal. With windings at first, and then one final bend, the

road is carried up the flank of a hollow five miles long, a typi-
cal and desolate upland of the Alps. The summit of the St.

Gotthard Pass, 6936 feet above the sea, is a little plateau in the

granite, with a floor of beautifully glaciated rocks. A few chill

lakelets lie in the hollows, and already denudation has broken

away many of the ice-worn surfaces upon their margins.
Here we are, then, upon the central Alpine ridge, the

great crystalline core which often rises 1 3000 and 1 4000 feet

above the sea, reaching 15730 feet in its south-west pro-

longation at Mont Blanc. The rocks that compose it are

exposed, broadly speaking, over an area 550 miles (900 km.)

long by 40 miles (70 km.) wide
;

2 but the frequent infolds

1 C. Schmidt, in the " Livret-guide ge"ologique dans le Jura et les Alpes,"

1894, p. 151.
2 See Noe's admirable "

Geologische Ubersichtskarte der Alpen
"

(Ed.
Holzel'a geographisches Institut, Vienna).
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of far younger masses show how much had to be worn away
before the core was thus revealed. Pebbles of Alpine gneiss
and granite occur in the Mesozoic and Cainozoic beds

;
and

hence we know that a great part of these crystalline rocks

existed, like our imaginary cathedral-floor (p. 296), beneath

the sheets of the sedimentary rocks which have since been

crumpled with them. The Miocene conglomerates at St.

Gallen contain few pebbles from the central gneiss, and vast

quantities from the former coating of Mesozoic limestones.

Moreover, specimens of rocks known only near Lugano, on

the south side of the present chain, occur in these northern

pebble-beds ;
while great erratic blocks lie in the more recent

surface-deposits of St. Gallen, which have similarly come
from south of the now lofty Todi range. Hence Swiss

geologists believe that, in Miocene and even later times, the

high ridge lay farther south than now, and that the central

folds of the St. Gotthard and the Bernese Oberland have

been subsequently upheaved. Such simple observations

bring before us a tremendous picture of the great wave in

the earth's crust, travelling from south to north, forcing the

Mesozoic beds into enormous folds, and finally crumpling up
even the Miocene conglomerates, until it died down against
the old massive rocks of southern Germany.

Whatever, then, may be the age of the rocks forming
the central core of the Alps, they owe their present elevated

position to earth-movements which culminated at the close of

Miocene times. From our crest of vantage, we may perhaps
now make a general survey of the matter. The Alps, as we
know them, are later than the humbler Juras, which already
formed a chain of island-peaks at the end of the Lower
Cretaceous epoch. The sea lay over Switzerland in Eocene

times, and extended away across Egypt in the east. The

Oligocene period opened with an uplifting movement, which

drove the sea back from Lausanne and central Switzerland,
but left an inlet on the west reaching up to Bale

;
and this

movement continued into the Miocene period, giving us

again fresh-water deposits. Then the sea temporarily re-

turned, spreading from Bale and Berne round the Juras,

and up the valley of the Rhone, while the central Alps still

continued to heave themselves slowly above it, contorting the

Mesozoic strata and sending down showers of pebbles along
the beds of their rapid streams. The rising axis shifted

U
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northward, as we have above described, and the whole

Alpine lands became dry at the end of the Miocene period,
the Pliocene being merely represented, as at Dole, by river-

gravels and alluviums.

The form of the great Alpine axis, raised under the

influence of pressure from the south-east and south, was

moulded, like that of the Juras, against older masses
;
and

the range, running from the south of Turin nearly to

Vienna, is merely part of a great system of mountain-

chains, all intimately connected, and all of the same com-

paratively recent age.
1

Even the old crystalline rocks of the core, in the stress

of this period of upheaval, have actually renewed their

youth. Dr. Lawson 2 showed in 1888 how the oldest

gneisses of Canada had become in part remelted at a later

period, and had flowed like igneous masses into the cracks

of the overlying beds. This gives us the other end of the

circle of events, by which a granitic rock may become con-

verted by pressure and movement into a gneiss. Here it

has gone back into the granitic condition, and it becomes

impossible to style it, in this form, one of the oldest rocks of

the district. In its consolidated igneous offshoots, we are

bound to say that it is later than the beds into which it

has intruded. Similar igneous gneisses have now been
observed by M. Michel LeVy in the central masses of Mont
Blanc.3 The coarse gneiss, often well foliated, of which the

magnificent walls and aiguilles are composed, has been shown
to be an intrusive mass, instead of the oldest rock in the

core of an anticlinal. Down below, this gneiss may be

connected with the ancient floor of Europe; but it is un-

doubtedly, in its present position, younger than the adjoin-

ing schists, and its foliation is in part due to the inclusion of

foreign schistose material as it flowed (compare p. 301).
Dr. J. W. Gregory

4 has similarly referred some of

the gneisses of the Cottian Alps to a very recent date.

He describes several intrusive junctions, and regards the

1 See Suess,
" Antlitz der Erde," Band i. p. 303.

2
"Geology of the Rainy Lake Region," GeoL Swv. of Canada, Annual

Report for 1887.
3 See section in De Lapparent, "Traite" de Geologic," 4me. eMit., p. 1772,

and Duparc and Mrazec, "Massif du Mont Blanc," Mem. Soc. Phys. et

d'Hist. Nat. de Gentvc, t. xxxiii (1898).
4 " The Walden.sian Gneisses and their place in the Cottian Sequence,"

Quart. Journ. Gcol. Soc., vol. 1. (1894), p. 232.
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foliation as a flow-structure, finding that it is parallel to the

walls of the dyke-like offshoots. "The dykes," he writes,
" often have an irregular course through the schists, but

the foliation in them remains quite independent of the

surrounding rocks." Instead of treating this gneissic granite
as an Archaean mass, as so many authors have done, Dr.

Gregory is driven to this conclusion :

" Paradoxical though
it may appear, the evidence renders it most probable that

the Waldensian gneiss, instead of being of Laurentian l
age,

is really Pliocene, and, with the exception of the Saharian
and recent alluvium and the glacial moraines, is the newest
rock in the Cottians."

The reasonable idea that schist and gneiss may be manu-
factured in any period of the earth's history was familiarly
held by many of the older geologists. The most important

discovery of recent times with regard to metamorphic rocks

is that the planes of foliation have often nothing to do with

the original stratification of a sediment
;
and this fact has

made it more difficult to assign a sedimentary origin to this

or that group of schists. But the alterations in an obvious

shale when in contact with a granite mass are of a sufficiently

convincing character
;
mica-schists and andalusite-schists are

in such cases produced, as it were, before our eyes. It is

not difficult, then, to believe that great thicknesses of schist

have been added to the crystalline series of the Alps, even

during the latest movements of the chain. Such move-
ments allowed of the intrusion of gabbros and basalts,

which became rolled out into sheets of hornblendic and
chloritic schists, and of granites, which, flowing in under

pressure, filled up some of the great mountain-domes with

gneiss.
The crystalline core, then, on which we stand at the

summit of the St. Gotthard Pass is a complex mass of various

ages, representing the kneading together of many rocks in

the earth's mill. 2 Let us now descend on the southern side

towards the Italian plain.

1
Early Archaean.

2 One of the clearest discussions of the problems of pressure-metamorphisn
occurs in Professor Lapworth's "Intermediate Text-Book of Geology

"
(1899)

pp. 124-147. The effects, on the other hand, of contact-raetamorphism
on a large scale, and of the interpenetration of sediments by granite-

magmas, are well maintained by Levy, Lacroix, Duparc, and other French
authors.
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The first wonderful cnrvings of the road, which is but-
tressed up tier upon tier in the steep head of the Val Tremola,

bring us across slabs and joint-surfaces of gneissic granite,
like those of the gorge at the Devil's Bridge. Then, in the

valley and in the succeeding green and open country, set with
little woods and rough grassy hollows, we meet exposures of

fine-grained mica-schists. We have crossed the great central

fan-fold of the gneiss, and are among the synclinals and anti-

clinals which lead up to it from the south. The next series

of schists, rich in lime in one combination or another, are re-

ferred by the Swiss geologists to the Jurassic system. They
occupy the same position as those with crushed and elon-

gated belemnites on the passes east and west of us. 1

At the mouth of the grim Val Tremola, veins of a kind of

gneiss, occurring in the schists, suggest that here also we
have evidence of the rolling out of an igneous contact-zone.

These older schists are beautifully foliated, passing into

gneiss ;
but the far newer rocks of the Jurassic zone also

consist of a great variety of schists. Though we find here

in association masses of very different ages, we can under-
stand how older observers thought they saw a complete pas-

sage from unaltered sediments to crystalline granite, as they
went from the exterior to the interior of a mountain-chain.

And even now the central masses of the Alps may prove to

have the most recent origin.

Airolo, of Italian aspect, stands upon this southern infold

of Mesozoic schists
;
one or two other synclinals are caught

in, and are exposed on the walls of the great valley ;
and

then we have a long stretch of somewhat fine-grained

gneisses, extending right away to Bellinzona. Here the

rivers from the north have formed a broad alluvial flat, which
is still occasionally flooded. The rainfall can now no longer

deepen the valleys, and we see in this spreading of the

alluvium, creeping back towards the central range, a model
of those larger processes that have produced the Italian

plain. A little farther down, we come into the southern

lake-country, which repeats the features of northern Swit-

zerland. The elongated winding forms of the " Italian lakes"

1 This view of the age of the altered limestones and other rocks in this

region of the Alps is not uniformly accepted. See Bonney, Quart. Journ.

Geol.Soc., vol. xlvi. (1890), p. 187 ;
vol. 1(1894), p. 285, and vol. liii. (1897),

p. 1 6.
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are easily seen on any map. The Lago Maggiore, thirty-five

miles long and two miles wide, is clearly the flooded valley
of the Ticino

;
at Pallanza, the mouth of the Toce forms the

one conspicuous side-inlet. But no ordinary alluvial dam
has closed the outlet at the southern end

;
the whole valley-

floor must have become curved downwards, giving rise to

this lake 2800 feet in depth. At present it is partly filling

up again, and Locarno, at the northern end, stands upon a

delta of the most exquisitely developed form.

If we follow the route of the St. Gotthard railway to

Lugano, we find another group of warped and tilted valleys.
The Lake of Lugano consists of at least four valleys, and its

original drainage-lines are difficult to trace. At present it

overflows from a western arm into the middle of the Lago
Maggiore. The three-armed Lake of Como presents fewer

difficulties ;
from north to south, from Chiavenna to Lecco,

it forms a fine and gently curving valley ;
and another

stream formerly entered this obliquely, from the watershed

in the neighbourhood of Como. It is certainly unusual for

a tributary to point so distinctly up the valley of the main
stream

;
but there are local examples of this in the un-

submerged valleys immediately to the north.

From the Triassic beds of Lugano we can pass to the

Jurassic of Como, and so to the Cretaceous exposures about

Lecco. Here even the Eocene sea has left us traces, full of

nummulites, like those of the northern flank of the Alps.
But the plain of Italy has covered up most of the Mesozoic

and Cainozoic beds, and we have to go eastward to find the

counterpart of the boldly scarped limestone ridges, which
form the Alpine foot-hills across central Switzerland.

In among the glacial detritus west of Como, there lie

patches of marl, containing marine Pliocene fossils. It is

perfectly possible, and indeed probable, that glaciers de-

scended from the central ridge, which was then at its full

height, and mingled their terminal moraines with the de-

posits of an Italian sea. In any case, the huge earth-

wave of the Alps rose up, without driving back the sea on
the south side. Shallowings had occurred in the Italian

region in early Miocene times, but were followed by renewed

deepening of the sea along its northern shore
; parts of the

Apennines may have risen in the Oligocene and Miocene

periods, but their main upheaval actually occurred at the con-
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elusion of the Pliocene. The marine Lower Pliocene series

lies upon the Apennine slopes, and the active volcanoes of

western and southern Italy are fair evidence that earth-

movement is still in progress. The granite core of the

Apennines is exposed only at its northern and southern

ends, through the mantle of Cretaceous and Jurassic strata.

We seem to be carried back, in viewing this modern moun-

tain-range, to the Alps of Miocene times, before their final

crumplings and upheavals had taken place. The highest

point of the Italian range is Monte Corno in Abruzzo, 9521
feet above the sea

;
and there is no good reason to believe

that these ridges have ceased growing at the present time.

Such growth, however, cannot be accomplished without con-

siderable reduction in the width of the masses which lie at

present above sea-level, since Professor Heim 1
computes

that the Alps in some parts occupy only half the horizontal

space formerly required by the sediments that were used up
in their construction.

If it seems extraordinary that the Apennines should

practically be of Post-Pliocene origin, and that all the

complex peaks and gorges of the Alps should have been
carved out in them since Miocene times, we have only to

turn to other mountain-chains to verify these conclusions.

The principles that guided William Smith cannot here

deceive us. Nummulitic strata are found infolded with

the Pyrenees, a range that reared itself in Eocene and early

Oligocene times. The Juras, as we have seen, were not clear

from the sea until the Miocene period, and are thus some-

what younger than the Pyrenees and older than the Alpine
foot-hills.

The Himalayas are later than the Cretaceous period,
and their principal folding occurred between Miocene and
Pliocene times

;

2 but there is evidence, from the disturbance

of the Pliocene strata on their flanks, that they continued
to rise even later, and it is probable that they are still in

upward motion.

The Rocky Mountains, again, are of Eocene and later

age, the western ridges being Pliocene, and younger than the

1 "Mechanismus der Gebirgsbildung," Band ii, p. 213.
2
Griesbach, Mem. Qeol. Survey of India, vol. xxiii, p. 47 ; Blanfordr

Medlicott, and Oldham,
" Manual of the Geology of India," 2nd edit., pp.

467-487.
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eastern plateaux. We have already (p. uO) referred to the

Post-Pliocene movements of the continental coast in Cali-

fornia
;
and it is equally instructive to realise that the canon

of the Colorado River, 6200 feet in depth, has been excavated

since early Pliocene times.

Even the great chain of the Andes, which is increased

locally by volcanic cones, is younger than the middle of the

Cretaceous period.

Wherever, in fact, we study high mountain-ranges, we
find them to be of comparatively recent origin. The

supremacy of the Himalayas, attaining 29000 feet, is only
secured to them by their youth. The older ranges become
worn down by denudation, like those of Norway, or, still

more strikingly, like those of our Scottish highlands and
of Wales. If we have lost our boldest mountain-chains,
which once fronted the western ocean in the lordly fashion

of the Andes, we can at least learn something from their

bare and dissected remnants. The folds have been worn

down, and it is difficult now to point to the position of the

central ridge ;
but in the west of Sutherland and Ross-shire

the phenomena of the overthrusting of more recent sedi-

ments by crystalline rocks are displayed, as they might be

on the flank of any modern mountain-chain. In the foot-

hills of the Alps, the huge folds and thrust-planes can be
traced out on thousands of feet of precipitous rock

;
but it

is a still more difficult matter to follow out the succession

of events in our own highlands, where only little flecks and

patches of some of the largest folds remain. Professor Nicol

was the first to bring the study of modern mountains to bear

upon the Silurian range of Scotland
;
but the proof of the

general correctness of his views was left to the detailed

mapping of Professor Lapworth, nearly thirty years later.

Professor Lapworth
1 showed how thrust after thrust had piled

up the strata in the Durness district, so that what had long
been regarded as a regular and conformable succession of

deposits was proved to be a repeated and often an inverted

series. His work was extended by the officers of the Geo-

logical Survey,
2 who- showed again and again that Archaean

gneiss overlay little altered Cambrian and Ordovician strata.

1 "The Secret of the Highlands," Geol. May., 1883, pp. 120, 193, and 337.
2 "

Report on Recent Work in the North-West Highlands of Scotland,"
Quart. Journ. Geol. Soc., vol. xliv (1888), p. 378 ;

see especially figs. 8-22.
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The old continental edge, represented by Norway, the

west of Sutherland, and the outer Hebrides, is continued

south into the counties of Donegal and Mayo. Here,

however, the oldest gneiss is hidden
;
and the highlands

are formed of an ancient schistose and crumpled series,

penetrated by granite which has become gneissic during
flow.

Gneisses and schists have now a new meaning for us, and

open up some of the most tremendous problems of the struc-

ture and history of the earth's crust. While some of these

rocks represent the flow of deep-seated and once molten

masses, which, although in motion, had become in great

part crystalline, others tell us of the fracture and movement
of rocks already firm and hard. The folds that we see upon
the coast of Devon or Dorset (Plate XI), with their contor-

tions and actual reversals of unaltered strata, show how much
movement may go forward without metamorphism of the

rocks. But down below us, and in the heart of an uprising

mountain-chain, the greater heat and pressure may be manu-

facturing schists at the present day. The Pyrenees, the

Western Alps, and the Karpathians, have probably already
come to rest. Where will the next range rise to take

their place, when they have become reduced to denuded
remnants ?

The Pliocene or Post-Pliocene elevation of two axes, at

least, gives us some fair ground for speculation. The Apen-
nines have already started with considerable success (p. 309) ;

but the Wealden anticlinal (p. 282) still remains only some

300 to 800 feet above the sea. The Eocene and Oligocene
rocks have been denuded back upon its flanks, the Cretaceous

fold has been cut through, and near Hastings the Purbeck

beds have been brought up and bared upon the surface.1 So

far it is mere guess-work to suggest anything more serious

for the future
;
but there are signs of the formation of small

subsidiary folds within the main limbs of the Wealden anti-

clinal. Perhaps, after all, the gneiss and granite far below

will once more see the light of day ;
London and Brighton,

long before lost to human knowledge, and buried in con-

glomerates from the rising mountain-chain, will become in-

folded in the recumbent synclinals of the foot-hills, north and

1

Compare Strahan on Dorsetshire, Quart. Journ. Geol. Soc., vol. li. (1895),

P- 549-
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south
; and, finally, crowds of regenerate mortals, each one a

scientific observer from his birth, will flock on public holi-

days to the snow-peaks of the English Alps.
And so the folds of the mountains have brought us back

to our own islands, to Sutherland and Mayo, to Dorset

and the Surrey hills. Our first observations on the form of

mountain-slopes (p. 28) have led us on and on, until we have

halted on the border of some of the most mysterious problems
of the earth. Though we travel, as geologists should, from
one country to another, we may rest assured that these isles

of ours contain ample matter for research. Whether we

cycle along the great through-routes, noting scarp after

scarp, the Chilterns, the Ootteswolds, Wenlock Edge, until

we reach the mountain-land of Wales, or whether we walk
in an afternoon across the open fields around our homes, the

subject of our studies is always near us, the material is

ready to our hands. And if we have journeyed thus far

pleasantly together, it is perhaps time that we should now
choose our own work, and our own way of setting about it.

u And so, without more circumstance at all,

I hold it fit that we shake hands, and part."
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Cross Ness boring, 267
Crowborough Beacon, 255
Croydon, 239
Crust of the Earth, 3, 22, 151

Crystals, 8, 12

Crystal-systems, 13
Cuchullin Hills, 211

Current-bedding, 77, 104
Cushendall, 182

Cwm, 42
Cwm-glas, 55
Cycads, 257

Dakyns and Teall, on variation in

igneous rocks, 213
Dana, on Sandwich Island pumice, 157
Danube, 88, 128, 130



316 INDEX

Dartmoor, 192, 194, 208
Dead Sea, 143
Decomposition of granite, 202

Deltas, 8 1, 88

Denudation, 42
Derbyshire, 233
Derived crystals, 198
Desert of Utah, 137 ;

of Sahara, 145
Devonian period, 233
Dew, 39
Diabase, 208

Diatoms, 1 08, III

Diorite, 205
Dip, 247

Dip-slope, 250
Dissolved matter in rivers, 90
Dole, 288, 292
Dolgelley, 232
Dolomite, 18, 303
Dorking, 244
Dorsetshire, 264 (see Lulworth)
Doubs, river, 288

Dover, Straits of, 97
Down-throw, 285
Drau, river, 70, 132
Drift, 133, 240
Dudley, 232
Duich, Loch, 117
Dunge Ness, 112

Durness, 311
Dust, volcanic, 153
Dykes, 158, 173

E

Earth-pyramids, 78

Earthquakes, 287, 296
Echinoconus, 278
Echinocorys, 278
Edinburgh, 186
Eiffel Tower, 36
Elasticity of minerals, n
Elements, chemical, 4 ; proportions of

in earth's crust, 22

Elephas, 288

Elm, 72

English Channel, 97, 99, 119
Eocene period, 238, 280

Eras, 229, 241
Erratics, 51

Eruption of volcanoes, 151

Escarpments, 250
Estuarine deposits, 90
Etive, Loch, 117
Etna, 159
Evaporation, 37

Exe, river, 234
Exeter, 271
Extinction of volcanoes, 162

;
of

species, 225
Extraction of particles from powdered

rock, 23

Fair Head, 185
Fall of mountain-rivers, 79
Fans of debris, 69, 126

Fan-structure, 283
Fault-rock, 287
Faults, 285
Fauna, 226

Felspars, 18, 19, 40
Fenland, the, 121

Ferret, Cape, ill

Ferro, Valle del, 65, 125

Finchley, 56
Firn, 45
Firn-ice, 45
Fjords, 116

Flexibility of minerals, 1 1

Flims, 73
Flint, 1 6, 261, 274
Floods in rivers, 64
Flora, 226
Flow of compressed strata, 288
Fluidal structure, 165, 212

Fluorspar, 194
Fluviatile deposits, 90
Folded strata, 283
Foliation, 300
Folkestone Beds, 265
Foot-hills, 126

Footprints, 104, 222

Foraminifera, 106, no
Forest of Dean, 234
Fosdyke, 121, 122

Fossils, 220
; stratigraphical value

of, 226

France, Cretaceous beds of, 278
Fresh water, 90
Frozen water, effects of, 41

Fumeroles, 163

Fyne, Loch, 117, 118

G
Gabbro, 205
Ganges, 88, 134
Gardiner, Miss, on contact-meta-

morphism, 200

Garnet, 199
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Garron Tower, 72
Gases in volcanoes, 162

Gault, 265
Greikie, Sir A., on volcanic action in

British Isles, 187

Gemmellaro, Monte, 159
Genera, 225
Geneva, Lake of, 141, 295
Geology, science of, 2

Geysers, 164
Giant's Causeway, the, 173
Giants' Kettles, 32
Glacial epoch, 239
Glaciation, 51, 304
Glacier-garden at Lucerne, 32

Glacier-grains, 45
Glacier-mills, 52
Glaciers, 46 ;

advance and retreat of,

48 ; movement of, 46, 48
Glass, volcanic, 165, 166

Glauconite, 107, 263
Glencullen, 78, 86

Glendalough, 8 1

Globigerina, ill

Gneiss, 298, 301, 306
Godstone, 254
Gohna landslip, 74
Goodwin Sands, 97
Gorges, 34, 66

Goschenen, 303
Gotlandian period, 232
Graham's Isle, 162

Grand Sarcouy, 178

Granite, 3, 180, 204 ; origin of, 195
Great Basin, the, 136
Great Salt Lake, 137
Greece, fossil mammals of, 240
Greensands, 107, 263, 269
Greenstones, 209
Gregory, J. W., on Cottian Alps,

306
Grivola, the, 53
Ground-moraine, 51

Groups of strata, 229, 23 1

Guettard, on Auvergne, 174
Guildford, 246
Gypsum, 18, 142

Hague and Iddings, on igneous
rocks, 196

Hammer, geological, 26
Hanter Hill, 209
Hardanger Fjord, 117

Hardness of minerals, 10
;
of minute

grains, determination of, 10

Harker, on the Shap granite, 201

Harting Combe, 246, 252
Hubert, on Chalk, 273
Hebrides, inner, 239 (see Skye) ;

outer, 231
Heim, on landslips, 72 ;

on compres-
sion of Alps, 310

Heligoland, 98
Himalayas, 310 ; glaciers of, 48
Hindhead, 245
Hoar-frost, 39
Hog's Back, the, 246, 253
Hohe Tauern, 44
Holaster, 277
Holkham, 228

Holland, 124

Holland, T. H., on Gohna landslip, 75
Holt Fleet, 32

Hoplites, 266

Hornblende, 19

Hornblende-schist, 303
Hospenthal, 304
Hot springs, 162, 163
Hourn, Loch, 117

Howth, 74, 287
Hume, W. F.

,
on Chalk, 272, 273

Hungarian plain, 130, 147

Hutton, Jas., on granite, 198

Hythe, 1 12

Hythe beds, 260

Ice, 16, 41, 45
Icebergs, 50
Ice-cave, 47

Igneous rocks, 156 ; table of, 206
;

variation in, 213

Iguanodon, 256
Impermeable rocks, 59
Indian plain, 134
Inoceramus, 274
Intrusive sheets, 158
Ireland, Cretaceous beds of, 279
Irish Channel, 118

Iron pyrites, 17

Isar, river, 128

Islands, volcanic, 162 ;
formed by

submergence, 117
Isle of Wight, 96, 224, 239
Italian lakes, 308; plain, 125, 127,

309
Izalco, 160



INDEX

Joints in rocks, 34, 66, 98, 172,

190, 288

Joly, on fusibility of minerals, 152
Jordan, river, 143
Judd, on water in lavas, 156; on

relations of igneous rocks, 196 ;
on

Oligocene strata, 239
Jumna, river, 135
Jura Mountains, 236, 289, 310
Jurassic period, 236, 304

Kammerbiihl, the, 163
Kaolin, 21, 40, 202

Karinthia, 62

Karlsbad, 164

Karpathians, 131, 312
Kenmare, 57
Kentish Town boring, 267
Kiel, 92
Kilauea, 156, 158
Krakatoa, 154, 161

Labrador!te, 19

Lago Maggiore, 309
Lahontan, Lake, 141

Lakes, formed by earth-movement,
295 ;

in cirques, 34 ;
in craters,

179 ; salt, 137-145
Lake-floors, 140
Landslides, 70
Landslips, 71

Lapworth, on Durness strata, 311
Lame, 143, 181

Lavas, 151 ; chemical composition of,

164 ;
mineral constitution of, 168 ;

classification of, 171

Lava-cones, 157, 178

Lava-streams, 155
Lawson, on Canadian gneiss, 306
Leinster chain, 208
Leith Hill, 61, 244, 257
Lenham, 281

Leucite, 1 68

LeVy, on Mont Blanc, 306
Lienz, 70
Liffey, river, 79
Lignite, 102

Limestone, 17, 41, 109, 142

Limonite, 16, 142, 257
Linear grouping of cones, 1 59

Lipari Islands, 154, 166

Lismore, 64
Lismore, island, 117

Llanberis, 53, 55, 187

Llangollen, 57, 64
Loam, 100

Long, Loch, 1 17

Loss, 133
Lower Chalk, 269
Lucerne, glacier-garden, 32, 53; Lake

of, 294
Lugano, Lake of, 309
Lulworth, 96, 258, PI. xi

Lustre of minerals, 10

Lyell, on Cainozoic beds, 238

M
Magnetism of minerals, 1 5

Magnetite, 1 6

Maidstone, 256
Malleability of minerals, 10

Malvern, 231
Mammals, of British Isles, 119 ;

early types, 237, 260
;
later types,

240
Man, early, 240, 242
Mantell, on Iguanodon, 256
Marbles, 17, 302
Marcasite, 17, 270
Marine deposits, 90, 101

Marl, 101

Marr, on the Shap granite, 201

Marten, H. J., on river-erosion, 32
Matterhorn, 44, 53 5^

Megalosaurus, 256
Melbourn Rock, 273
Mendip Hills, 233
Merstham, 244, 254
Mesozoic era, 236
Mestre, 88

Metamorphism, 199, 298
Metric weights and measures, rela-

tions of, 1 1

Mica, 8, 20

Mica-schist, 302
Micraster, 278
Middle Chalk, 271

Mineral, definition of, 9
Mineral waters, 163
Minerals, observation (if, 3
Miocene period, 238, 239, 293
Mississippi, 88
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Moelwyn, 56, 187

Mole, river, 253
Molecules, 5

Mont Blanc, 44, 50, 53, 79, 84, 304,

306
Mont Dore, 179
Moraines, 49, 5*

Moulins, 52
Mountains, denudation of, 28, et seq.

Mountain-chains, curvature of, 292,

306
Mountain-ranges, 283, et seq.

Mourne Mountains, 39, 192, 208

Mud. 100
Muir Glacier, 46
Muscovite, 20

Mynydd-mawr, 187

N
Nautilus, 240, 270
Neocomian, 279
Ness, Loch, 296
Neuchatel, 278, 290
Nevada, 136, 141, 196

Nevt, 45
Newhaven, 99
Nicol, on highland gneiss, 311

Nile-delta, 89
Noetling, on early man, 241

Norfolk, 239, 267
North America, lakes of, 295
North Downs, 245, 249
North Sea, 92, 119, 122

Norway, 116

Nucula, 267
Nummulites, 293
Nummulitic strata, 294, 310
Nuovo, Monte, 160

Obsidian, 166

Ochil Hills, 1 86

Oligocene period, 238, 239
Oligoclase, 19
OHvine, 20

Olivine-Gabbro, 205
Oolite, Oolitic limestone, l IO

Oolitic grains, 1 10

Ooze, ill

Opal, 1 6

Orbitoides, 293
Ordovician period, 232

Orthoclase, 6, 14, 1 8

Outcrop, 252
Overlap, 219
Overstep, 218

Palaeozoic era, 232
Paludina, 255, 288
Paris Basin, 238, 239, 288

Pass, 85
Peaks, 42, 43, 53
Peat, 123
Pebble-banks, 100

Pebble-beds, 102

Pecten, 225, 270
Pennine Chain, 234
Perched blocks, 53
Periods of past time, 229, 23 1

Perlitic structure, 174
Permeable rocks, 58
Permian period, 234
Pevensey, 112

Phosphatic deposits, 271
Piave, river, 127
Pinnacles of rock, 43, 44, 192

Pipes, 281

Pithecanthropus, 240
Plagioclase felspars, 19
Plain of marine denudation, 95 ;

of

northern Europe, 133
Plains, 121, et seq.

Plateaux of lava, 183
Pliocene period, 238, 239
Plymouth, 233
Po, river, 88

Pocket-lens, 26
Polished surfaces of rocks, value of,

in examination, 24
Pontarlier, 290
Porcupine Bank, 120

Porphyries, 167

Porphyritic structure, 167
Portland stone, 221, 237
Fortrane, 113
Post-Pliocene period, 239
Pot-holes, 30-32
Pumice, 153
Purbeck Marble, 255
Pay de Come, 150; de D6me, 148,

178 ;
des Goules, 150; de Lassolas,

176 ;
de Louchadiere, 175 ; Mary,

1 80
;
de Pariou, 149; delaVaohe

176

Pyrenees, 310
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Pyrite, 17

Pyroxene-Diorite, 205
Pyroxenes, 19

Quartz, 6, 16

Quartz-Diorite, 205
Quartzite, 302
Quartz- schist, 302
Quinag, 43

R

Radiolarians, 108

Rain, 37 ; gases in, 40 ;
chemical

action of, 40
Rainfall, 39
Rain-gauges, 39
Rain-prints, 222
Raised beaches, 115
Recumbent folds, 284, 297
Reid, Clement, on Lenham beds,
282

Replacement, chemical, 7

Reptiles, 235, 238, 256
Reversed faults, 286

Rhine, river, 47, 79, 80, 124
Rhombic pyroxenes, 20

Rh6ne, glacier, 47 ; river, 47, 295
Rhyolite, 168
Richmond boring, 264, 267
Richthofen, von, on loss, 133
Rigi, the, 296
Ripple-marks, 104, 222

Rivers, shifting of course, 68, 132,

135
River-channels traversing ridges, 85,

253
River-erosion, 34, 130
River-mouth, 87
Roches moutonndes, 52, 54
Roche Sanadoire, 179
Rock, definition of, 15
Rocks, observation of, 2, 3
Rockall, 1 20

Rock-salt, 17, 142
Rock-sections, preparation of, 25

Rocky Mountains, 310
Rossberg, 73
Ross-shire, 82

Russell, J. C., on Lake Lahontan,
141

s

Sahara, 145
St. Gallen, 293
St. Gotthard Pass, 296, 303, 304
St. Leonard's Forest, 253, 255
Salins, 289
Salisbury Plain, 237, 250
Salt lakes, 137-145
Salts in sea-water, 91, 92 ; in plains,

136
Sands, source of, 203
Sand-banks, 89
Sand-dunes, 112, 131, 146
Sandstone, 3, 105.
Sandwich Islands, 153, 156, 166.

Sa6ne, river, 288

Saturation-point of air, 37
Schist, 298
Scoriaceous structure, 153
Scoriae, 153
Scotland, Cretaceous beds of, 279
Scrabo Hill, 185
Scratched stones, 53, 54
Scrope, on Auvergne, 175
Sea, salts in, 91 ; gases in, 92 ;

ero-

sion by, 93
Sea-scorpions, 235
Sea-stacks, 92
Sea-water, deposition of solids in,

88

Secondary crystallisation, 187 ;
mine-

rals, 182, 300
Section, geological, 30
Sedgemoor, 124
Selbornian, 269

Separation of constituents of rocks,

23, 77, 105

Serpentine, 20

Serpentine-schist, 303
Severn, river, 32

Shale, 100, 298
Shap granite, 194. 2OI

Shiel, Glen, 82, 117

Shore-lines, 87, et seq.

Sicily, 116

Sieves and Sifting, 105, 266
Silent Pool, the, 6 1

Silica, 6
Silurian period, 232
Siwsilik Hills, 240

Skagerrak, 92
Skeleton-crystals, 165

Skerries, 218

Skertchly, on the Wash, 123
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Skiddaw, 200

Skye, Isle of, 183. 1 86, 208, 210,
212

Slate, 298
Slemish, 185
Smith, William, 226

Smith, Worthington, on tumulus,
222

Snowdon, 42, 55, 187, 232
Snowfields, 44
Snow-level, 37
Snow-line, 38
Soda-pyroxenes, 20

Sollas, on variation in igneous rocks,

214
Solothurn, 292
Solution, materials held by rivers in,

90; by sea, 91

Soundings off British Isles, 118
South Downs, 246
Spearing, H. G., on marine erosion,

97
Species, 225
Specific gravity, II ;

of sea-water,

91,92
Spheroidal structure, 173
Spherulites, 165
Spicules of sponges, 262

Spliigen road, 45, 66

Sponges, 108, 262, 270, 275
Springs, origin of, 59 ; mineral,

163
Stacks, 92
Staffa, 172
Stratification, 77, 109
Stratified rock, 76
Stratigraphical geology, 228

Stratum, strata, 76, 104
Streak, II

Streams, erosion by, 34
Striated stones, 54
Strike, 251
Styria, 82

Suess, on earth-movements, 297
Suffolk, 228, 239
Sun-cracks, 104, 222
Sunken land off Ireland, 119
Surrey, 244
Suspended matter in rivers, 90
Sussex marble, 255
Sutherland, 311
Syenite, 205
Symmetry of crystals, 13

Synclinal, 251
Systems of crystallisation, 13 ; of

strata, 229, 231

Tabular jointing, 190
Tagliamento, river, 127
Talus, 35, 63
Tarns of mountains, 34
Teall and Dakyns, on variation in

igneous rocks, 213
Temperature in earth's crust, 152 ;

in lava-streams, 156
Teplitz, Schlossberg of, 178
Terebratula, 274, 282

Thrust-planes, 286

Thun, 293
Time-scale of geological eras, 241
Tisza, river, 131
Titlis, the, 294
Toblach, 71, 8 1

Topaz, 194
Tors, 191
Totlands Bay, 224
Tourmaline, 194

Trachyte, 169

Transparency of minerals, 10
Triassic period, 236
Trilobites, 234
Tufa, calcareous, 142
Tuffs, 153
Turnford boring, 267
Twinning of crystals, 13

Tyrol, 62, et seq.

Unconformity, 216

Underground waters, 61

Upper Chalk, 277
Upper Greensand, 269
Up-throw, 285
Utah, 136

Val Tremola, 308
Valleys, 58, et seq.

Variation in igneous masses, 213
Veins, volcanic, 158
Venetia, 126

Venice, 88

Vesuvius, 1 60
Via Mala, 66, 80

Vogt, on variation in igneous rocks,

213
X



3 22

Volcanoes, 151 ; structure of, 160

Vosges, the, 289
Vulcano, 154

w
Waleu, Lake of, 80

Wash, the, 122

Water, 16 ; expansion of, on freezing, 4!

Watershed, 84
Weald, the, 246
Wealden series, 255, 312
Wenlock Edge, 232
Westward Ho, 97

INDEX

Wey, river, 254
Whitby, 221

White Limestone of Co. Antrim

278
Wind, velocity of, at high altitudes,

Wind-action on sand-grains, 146

Windgalle, the, 297
Worm-burrows, 222

Zones, 230

Zug, Lake of, 295

THE END
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FIFTH EDITION, Revised. In Large 8vo. Pp. i-xxiv + 5ii. With 255

Diagrams, Examples, and Tables, and a Chapter on Foundations.

Cloth, 1 6s.

THE DESIGN OF STRUCTURES:
A Practical Treatise on the Building of Bridges, Roofs, &e.

BY S. ANGLIN, CE.,
Master of Engineering, Royal University of Ireland, late Whitworth Scholar, &c.

"We can unhesitatingly recommend this work not only to the Student, as the BEST
TKXT-BOOK on the subject, but also to the professional engineer as an EXCEEDINGLY
VALUABLE book of reference." Mechanical World.

In Large Crown 8vo. Cloth. Pp. i - xiv + 236. With 201 Illustrations.

6s. net.

AN INTRODUCTION TOTHE DESIGN OF SEJLIVIS,
GIRDERS, AND COLUMNS

IN MACHINES AND STRUCTURES.
With Examples in Graphic Statics.

BY WILLIAM H. ATHERTOTST, M.Sc., M.I.MECH.E.
"A very useful source of information. ... A work which we commend very

highly." Nature.

FOURTH EDITION, Thoroughly Revised. Royal 8vo. Pp. i - xxx + 456.
With 239 Illustrations in the Text, and 13 Lithographic Plates. Hand-
some Cloth. Price 305.

A PRACTICAL TREATISE ON

BRIDGE-CONSTRUCTION-
Being a Text-Book on the Construction of Bridges in Iron and Steel.

FOR THE USE OF STUDENTS, DRAUGHTSMEN, AND ENGINEERS,

BY T. CLAXTON FIDLER, M. INST. C.E.,
Late Prof, of Engineering, University College, Dundee.

"The new edition of Mr. Fidler's work will again occupy the same CONSPICUOUS
'POSITION among professional text-books and treatises as has been accorded to its pre-
decessors. SOUND, SIMPLE, AND FULL." The Engineer.

In Medium 8vo. Pp. i-xv + 248. With 103 Illustrations. Priceios.6d.net.

CONSTRUCTIONAL STEELWORK :

Being Notes on the Practical Aspect and the Principles of Design, together
with an Account of the Present Methods and Tools of Manufacture.

BY A. W. FARNSWORTH,
Associate Member of the Institute of Mechanical Engineers.

"A worthy volume, which will be found of much assistance. ... A book of

particular value.
" Practical Engineer.
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SECOND EDITION, Revised. In Large 8vo. Handsome Cloth, Gilt.

With 37 Folding Plates and nearly 500 Illustrations in

the Text. 30s. net.

The Principles and Practice of

DOCK ENGINEERING.
BY BRYSSON CUNNINGHAM.

GENERAL CONTENTS.
Historical and Discursive. Dock Design. Constructive Appliances.

Materials, Dock and Quay Walls. Entrance Passages and Locks.

Jetties, Wharves, and Piers. Dock Gates and Caissons. Transit Sheds
and Warehouses. Dock Bridges. Graving and Repairing Docks.

Working Equipment of Docks. INDEX.
" We have never seen a more profusely-illustrated treatise. It is a most important

wndard work, and should be in the hands of all dock and harbour engineers." Steamihip.
"Will be of the greatest service to the expert as a book of reference." Engineer.

In Large 8vo. Pp. i - xii + 283. With 18 Plates, 11 Tables, and 220
Illustrations in the Text. 16s. net.

A COMPANION VOLUME TO "DOCK ENGINEERING."

THE PRINCIPLES AND PRACTICE OF

HARBOUR ENGINEERING.
BY BRYSSON CUNNINGHAM.

CONTENTS. Introductory. Harbour Design. Surveying, Marine and
Submarine. Piling. Stone, Natural and Artificial. Breakwater Design.
Breakwater Construction. Pierheads, Quays, and Landing Stages.
Entrance Channels. Channel Demarcation. INDEX.

" The best and most complete book we have seen on the subject." Steamship." This is a standard work . . . sure to prove a valuable book of reference."

Shipping World.

In Crown 8vo. Handsome Cloth. Pp. i-xiv x 504. With many Illus-

trations, including 7 Coloured and 15 Other Plates. 12s. net.

HYDROGRAPHIC SURVEYING,
FOP the Use of Beginners, Amateurs, and Port and

Harbour Masters.

BY COMMANDER S. MKSSUM, R.N.,
Instructor in Nautical Surveying, B.N. College, Greenwich.

CONTENTS. Sextant. Protractor. Station Pointer. Theodolite. Projections.-

Symbols and Abbreviations. Plotting and Triangulation of a Small Plan. AJast-head

Angle Survey. Meridian Distances. APPENDIX. INDEX.
"
Eminently practical from beginning to end . . . should be found of consider-

able value." Engineer.

: CHARLES GRIFFSN & C0. 8 LIMITED, EXETER STREET, 8TRANO
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THIRD EDITION, Thoroughly Revised and Enlarged. Pp. i-xvi + 227.
With 60 Plates and 71 otfier Illustrations. Handsome Cloth. 2$s. net.

HYDRAULIC POWER
AND HYDRAULIC MACHINERY.

BY HENRY ROBINSON, M.lNST.C.E., F.G.S.,
FELLOW OF KING'S COLLKGK, LONDON ; PROF. EMERITUS OF CIVIL ENGINEERING,

KING'S COLLEGE, ETC., ETC.

CONTENTS Discharge through Orifices. Flow of Water through Pipes. Accumulators.
Presses and Lifts. Hoists. Rams. Hydraulic Engines. Pumping Engines. Capstans.

Gates, Wheels and Turbines. Shields. Various Installations Meters. INDEX.

"The standard work on the application ol water power." Gassier s Magazine.

Second Edition, Greatly Enlarged. Pp. i-xiv + 336. With Frontispiece,'
12 Plates, and 279 other Illustrations. 21s. net.

THE PRINCIPLES AND CONSTRUCTION OF

PUMPING MACHINERY
(STEAM AND WATER PRESSURE).

With Practical Illustrations of ENGINES and PUMPS applied to MINING,
TOWN WATER SUPPLY, DRAINAGE of Lands, &c., also Economy

and Efficiency Trials of Pumping Machinery.

BY HENRY DAYEY, M.lNST.C.E., M.INST.MECH.E., &c.

CONTENTS Early History of Pumping Engines Steam Pumping Engines
Pumps and Pump Valves General Principles of Non-Rotative Pumping
Engines The Cornish Engine, Simple and Compound Types of Mining
Engines Pit Work Shaft Sinking Hydraulic Transmission of Power in

Mines Electric Transmission of Power Valve Gears of Pumping Engines
Water Pressure Pumping Engines Water Works Engines Pumping

Engine Economy and Trials of Pumping Machinery Centrifugal and other
Xiow-Lift Pumps Hydraulic Rams, Pumping Mains, &c. INDEX.

"By the 'one English Engineer who probably knows more about Pumping Machinery
than ANY OTHER.' ... A VOLUME RECORDING THE RESULTS OF LONG EXPERIENCE AND
8TDDT." The Engineer. _

In Medium 8vo. With over 1000 Illustrations. Cloth.

CIVIL ENGINEERING PRACTICE,
Specially Arranged for the Use of Municipal and County Engineers.

By F. NOEL TAYLOR, CIVIL ENGINEER.

CONTENTS. Ordnance Maps. Chain Surveying. Surveying with Angular Instru-
ments Levelling. Adjustment of Instruments. Mensuration of Areas, Volumes,
<fcc. The Mechanics of Engineering, &c. Beams. Pillars, Stanchions and Shafting.

Design of Structure. Arches. Graphic Statics. Materials of Construction.

Engineering Foundations. Brickwork and Masonry. Walls. Constructional Car-

pentering. Road Materials. Road Construction. Reinforced Concrete Construction.

Masonry Bridges and River Work. Hydraulics. Land Drainage. Pumping Machinery
and Stations. The Use of Water-Power. Main Drainage. Sewage Disposal. Royal
Commission on Sewage Disposal. Salford Sewage Works. Sanitation, House Drainage
and Disinfection. Refuge Disposal. Waterworks, Preliminary Considerations and
Sources of Supply. Construction, Filtration and Purification. Water-works. Dis-
tribution. Chimneys, Brick and Steel. Steel Construction; Stanchions, Rivets and
Bolts. Steel Construction ; Beams and Girders. Combined Structures in Iron and
Steel. Specification.Electric Tramways. Appendix. INDEX.
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SIXTEENTH EDITION, Thoroughly Revised. Large Svo, Cloth.

pp. i-xxiv+ 712. With 250 Illustrations, reduced from
Working Drawings, and 8 Plates. 21s. net.

A MANUAL OP
MARINE ENGINEERING:

COMPRISING THE DESIGNING, CONSTRUCTION, AND
WORKING OF MARINE MACHINERY.

By A.E. SEATON, M.I.C.E., M.I.Meeh.E.. M.I.N.A.

GENERAL CONTENTS. PART I. Principles of Marine Propulsion.
PART II. Principles of Steam Engineering. PART III. Details of

Marine Engines : Design and Calculations for Cylinders, Pistons, Valves,

Expansion Valves, &c. PART IV. Propellers. PART V. Boilers,

PART VI. Miscellaneous.
"The Student, Draughtsman, and Engineer will find this work the MOST VALUABLE

HANDBOOK of Reference on the Marine Engine now in existence." Marine Engineer.

TENTH EDITION, Thoroughly Revised. Pocket-Size, Leather. 8s. 6d,

A POCKET-BOOK OP

MARINE ENGINEERING ROLES AND TABLES,
FOR THE USE OP

Marine Engineers, Naval Architects, Designers, Draughtsmen,.
Superintendents and Others.

BY A. E. SEATON, M.I.O.E., M.I.Meeh.E., M.I.N.A.,
AND

H. M. ROUNTHWAITE, M.I.Meeh.E., M.I.N.A.
" The best book of its kind, and the information is both up-to-date and reliable.

Engineer

In Large 8vo. Handsome Cloth. With Frontispiece, 6 Plates,
65 other Illustrations, and 60 Tables. 12s. 6d. net.THE SCRE^AT I>ROI>E H, LE Ft

And other Competing Instruments for Marine Propulsion.

BY A. E. SEATON, M.lNST.C.E., M.I.MECH.E., M.I.N.A.
" Contains all that is useful to know about the screw propeller. . . . Thoroughly

np-to-date." Steamship.

In Large Crown 8vo. Handsome Cloth. 4s. 6d. net.

THE THERMO-DYNAMIC PRINCIPLES OF
ENGINE DESIGN.

BY LIONEL M. HOBBS,
Engineer-Lieutenant, E.N.; Instructor in Applied Mechanics and Marine Engine

Beaten at the Eoyal Naval College, Greenwich.

"Serves its purpose admirably . . . should prove of invaluable service . . . well

up-to-date." Shipping World.

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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SECOND EDITION, Revised and Enlarged. Pp. i-xv + 425.
With 377 Illustrations and 3 Folding Plates. i8s. net.

THE THEORY OF THE STEAM TURBINE.
A Treatise on the Principles of Construction of the Steam Turbine,

with Historical Notes on its Development.
BY ALEXANDER JUDE.

CONTENTS Fundamental. Historical Notes on Turbines. The Velocity of Steam.

Types of Steam Turbines. Practical Turbines. The Efficiency of Turbines, Type I.

Trajectory of the Steam. Efficiency of Turbines, Types II., III. and IV. Turbine Vanes.
Disc and Vane Friction in Turbines. Specific Heat of Superheated Steam. Strength
of Rotating Discs. Governing Steam Turbines. Steam Consumption of Turbines. The
Whirling of Shafts. Speed of Turbines. INDEX." One of the latest text-books . . . also one of the best . . . there is absolutely
no padding." Sir William White in the Times Engineering Supplement.

In Large Crown 8vo. Handsome Cloth. With 131 Illustrations. 6s. net.

LECTURES ON THE MARINE STEAM TURBINE.
BY PROF. J. HARVARD BILES, M.lNST.N.A.

"This is the best popular work on the marine steam turbine which has yet appeared."
Steamship.

SIXTH EDITION, Revised. Large Crown 8vo. Pp. i-xi + 392. With
5 Plates and 111 Illustrations in Text. 6s. net.

ENGINE-ROOM PRACTICE:
A Handbook for Engineers and Officers in the Royal Navy and Mercantile

Marine, including the Management of the Main and Auxiliary
Engines on Board Ship.

BY JOHN G. LIVERSIDGE, ENGR.-COMMR. E.N., A.M.I.C.E.
" This VERY USEFUL BOOK. . . . ILLUSTRATIONS are of GREAT IMPORTANCE ill a

work of this kind, and it is satisfactory to find that SPECIAL ATTENTION has been given
in this respect." Engineers' Gazette.

In Large Crown 8vo. Cloth. Pp. i-xxviii + 244. With 25 Illustrations. Qs. net

SEA WATER DISTILLATION.
BY FRANK NORMANDY, of the Middle Temple, Barrister-at-Law.

CONTENTS. Distilling: Machinery. Sea Water. Steam. Multiple Distillation. The
Evaporator. The Distilling Condenser. Pumping Machinery. Useful Memoranda:
The Filter, Prevention of Corrosion and Decay of Metals, Removal of Scale, Cleaning,
Overhauling, &c. INDEX.

"The analytical treatment of the problem is concise and comprehensive in its scope."
Marine Engineer.

FOURTH EDITION, Revised. Pocket-Size, Leather. Pp. i-xiii + 583.

12s. 6d.

BOILERS, MARINE AND LAND:
THEIR CONSTRUCTION AND STRENGTH.

A HANDBOOK OF RULES, FORMULAE, TABLES, &c., RELATIVE TO MATERIALS,
SCANTLINGS, AND PRESSURES, SAFETY VALVES, SPRINGS,

FITTINGS AND MOUNTINGS, &o.

FOR THE USE OF ENGINEERS, SURVEYORS, BOILER-MAKERS,
AND STEAM USERS.

BY T. W. TRAILL, M. INST. 0. E., F. E. R N.,
Late Engineer Surveyor-in-Chief to the Board of Trade.

" Contains an ENOBMOUS QUANTITY OF INFORMATION arrranged in a very convenient form. . . .

A MOST USKFUL VOLUME . . . supplying information to be had nowhere else." The Engineer.

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND
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THIRD EDITION, Revised. Pp. i-xv-f 356. With Frontispiece, 8 Plates

and 218 Illustrations in the Text. 21s.

A MANUAL OF
LOCOMOTIVE ENGINEERING:

A Practical Text-Book for the Use of Engine Builders,

Designers and Draughtsmen, Railway
Engineers, and Students.

BY WILLIAM FRANK PETTIGREW, M.lNST.C.E.

Contents. Historical Introduction, 1763-1863. Modern Locomotives: Simple.
Modern Locomotives: Compound. Primary Consideration in Locomotive Design.
Cylinders, Steam Chests, and Stuffing Boxes. Pistons, Piston Rods, Orossheads, and
Slide Bars. Connecting and Coupling Rods. Wheels and Axles, Axle Boxes, Hornblocks,
and Bearing Springs. Balancing. Valve Gear. Slide Valves and Valve Gear Details,

Framing, Bogies and Axle Trucks, Radial Axle Boxes. Boilers. Smokebox. Blast Pipe,
Firebox Fittings. Boiler Mountings. Tenders.- Railway Brakes. Lubrication. Con-
sumption of Fuel, Evaporation and Engine Efficiency. Repairs, Running, Inspection,
and Renewals. Three Appendices Index.

"The book is very truly a full treatise on the locomotive to date." Cassier's Magazine.

"The work CONTAINS ALL THAT CAN BE LEARNT from a book upon such a subject. It

will at once rank as THE STANDARD WORK UPON THIS IMPORTANT SUBJECT." Railway Magazine.

In Large 8vo. Pp. i-xxi + 189. With Frontispiece and 148 other
Illustrations. 8s. 6d. net.

LOCOMOTIVE COMPOUNDING AND SUPERHEATING.

BY J. F. GAIRNS.
CONTENTS. Introductory. Compounding and Superheating for Locomotives. A

Classification of Compound Systems for Locomotives. The Hiatory and Development of

the Compound Locomotive. Two-Cylinder Non-Automatic Systems. Two-Cylinder
Automatic Systems. Other Two-Cylinder Systems. Three-Cylinder Systems. Four-

Cylinder Tandem Systems. Four-Cylinder Two-Crank Systems (other than Tandem).
Four-Cylinder Balanced Systems. Four-Cylinder Divided and Balanced Systems.
Articulated Compound Engines. Triple-Expansion Locomotives. Compound Rack
Locomotives. Concluding Remarks Concerning Compound Locomotives. The Use of

Superheated Steam for Locomotives. INDEX.

"A welcome addition to the library of the railway engineer." Engineering Times.

In Large 8vo. Handsome Cloth. Pp. i-xi + 339. With 9 Plates. 16s.

L I G * T RAILWAYS
AT HOME AND ABROAD.

BY WILLIAM HENRY OOLE, M.lNST.O.E.,
Late Deputy-Manager, North-Western Railway, India.

" The whole subject is EXHAUSTIVELY and PRACTICALLY considered. The work can be
cordially recommended as INDISPENSABLE to those whose duty it is to become acquainted
with one of the prime necessities of the immediate future." Railway Official Gazette,.

HCWDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAM&



ENGINEERING AND MECHANICS.

In Crown 8vo, Handsome Cloth. Very Fully Illustrated.

MOTOR-CAR MECHANISM AND MANAGEMENT.
BY W. POYNTER ADAMS, M.lNST.E.E.

PART I. THE PETROL CAR. 55. net.

SECOND EDITION. Pp. i-xii + 204. With 36 Illustrations, including
6 Plates and Frontispiece.

" Should be carefully studied by those who have anything to do with motors." Auto-
mobile and Carriage Builders' Journal.

PART II.-ELECTRICAL AND PETROL ELECTRICAL
MOTOR CARS. 5s. net.

Pp. i-x + 202. With 50 Illustrations, including Frontispiece and
3 Plates, contains also 13 page Glossary.

"
Cleverly written . . . will be found of considerable value. Practical Engineer

In Large 8vo. Handsome Cloth. Pp. i.ix + 376. With 12 Folding
Tables and 329 Illustrations. 18s. net,

A MANUAL OF
PETROL MOTORS AND MOTOR-CARS.

Comprising the Designing, Construction, and Working of Petrol Motors.

By F. STRICKLAND.
GENERAL CONTENTS. PART I. : ENGINES. Historical. Power Required. General

Arrangement of Engines. Ignition. Carburettors. Cylinders, Pistons, Valves, &c.
Crank Shafts, Crank Chambers, Cams, Runners, Guides, <fec. Pumps. Flywheels.
Pipe Arrangements. Silencers. Engine Control, Balancing. Motor Cycle Engines.
Marine Motors. Two-Cycle Motors. Paraffin Carburettors. Gas Producers PART
II.: CARS. General Arrangements. Clutches. Transmission. Differential Gears.
Universal Joints. Axles. Springs. Radius Rods. Brakes. Wheels. Frames.

Steering Gear. Radiator. Steps, Mudguards, Bonnets, Ac. Lubrication. Ball

Bearings. Bodies. Factors of Safety. Calculations of Stresses. Special Change Speed
Gears. Special Cars. Commercial Vehicles. Racing Cars. INDEX.

"Thoroughly practical and scientific. . . . We have pleasure in recommending it to all."

Mechanical Engineer.

In Medium 8vo. Handsome Cloth. Pp. i-xv + 272. With 306
Illustrations. 15s. net.

OIL MOTORS,
Their Development, Construction, and Management.

BY G. LIECKFELD. (Authorised English Edition).

CONTENTS. Liquid Fuels for Power Production. Development of the Petrol and
Paraffin Motors. Working of the Later Paraffin and Petrol Engines. Ignition Devices.

Examples of Stationary Petrol, Alcohol, Paraffin, and Crude Oil Engines. Automobiles.

Ship Boat, and Air-ship Engines. Vehicles, Ac., Driven by Internal Combustion
Engines. Erection and Attendance of Engines Driven with Liquid Fuel. Correcting
Irregularities in Running." One of the most comprehensive publications we have perused, and one that can be

thoroughly recommended." Petroleum Review.

InDemySvo. Handsome Cloth. Pp. i-xi+ 176. With
130 Illustrations. 6s. net.

CARBURETTORS, VAPORISERS, & VALVES,
used in Internal Combustion Engines.

BY EDWARD BUTLER, M.I.Mech.E.
" Mr. Butler writes with an intimate practical knowledge of his subject, and the book

is one we have every pleasure in recommending." Mechanical Engineer.

LONDON: CHARLES GRIFFIN & CO,, LIMITED, EXETER STREET, STRANDl
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FIFTH EDITION, Revised and Enlarged. With additional Illustrations.

Large 8vo, Handsome Cloth. 255. net.

A TEXT-BOOK ON

GAS, OIL, AND AIR ENGINES.
BY BRYAN DONKIN, M.lNST.C.E., M.INST.MECH.E.

Revised throughout by T. GRAVES SMITH. With important New Matter

by Prof. BURSTALL.

In Quarto, Handsome Cloth. With Numerous Plates. 253.

THE HEAT EFFICIENCY OF STEAM BOILERS
(LAND, MARINE, AND LOCOMOTIVE).

With Tests and Experiments on Different Types, Heating Value of Fuels.
Analyses of Gases, Evaporation, and Suggestions for Testing Boilers.

BY BRYAN DONKIN, M.lNST.C.E.

"Probably the MOST EXHAUSTIVE resume that has ever been collected. A PRACTICAL
BOOK by a thoroughly practical man." Iron and Coal Trades Review.

In Large Crown 8vo. Cloth. Pp. i-vii + 198. With 55 Illustrations.

5s. net.

SUCTION GAS PLANTS.
BY PROF. C. A. SMITH, of the East London Technical College.

CONTENTS. Introduction. Details of Construction. Fuel and Testing. Application
and Uses of Suction Plants. Working the Plant. Typical Plants. Plants for Special
Purposes. Total H.P. Effluent. Cost of Gas Production. The Gas Engine. Biblio-

graphy. Calorific Value of Coal Gas. Of Solid Fuels. Gas Analysis. Destruction of

Tar in the Producer. Detection of CO in Exhaust Capital Cost. INDEX.

"This book is one we can cordially recommend as affording a complete knowledge of

the theoretical aspect of Suction Plants." Gas World.

In Handsome Cloth. Pp. i-iv + 262. With 93 Illustrations. 12s. 6d. net.

THE GAS TURBINE,
Progress in the Design and Construction of Turbines

Operated by Gases of Combustion.
BY HENRY HARRISON SUPLEE, B.Sc.

"Will be of considerable assistance to gas power engineers." Gas World.

THIRD EDITION, Revised. Large 8vo, Handsome Cloth. 21s. net.

Lubrication & Lubricants:
A Treatise on the Theory and Practice of Lubrication, and on the

Nature, Properties, and Testing of Lubricants.

BY AND

LEONARD ARCHBUTT, F.I.C., F.C.S., R. M. DEELEY, M.I.Mech.E., F.G.S.
Chemist to the Mid. Ry. Co. Chief Loco. Super., Mid. Ry. Co.

CONTENTS. I. Friction of Solids. II. Liquid Friction or Viscosity, and Plastic

Friction. III. Superficial Tension. IV. The Theory of Lubrication. V. Lubricants,
their Sources, Preparation, and Properties. VI. Physical Properties and Methods of

Examination of Lubricants. VII. Chemical Properties and Methods of Examination
of Lubricants. VIII. The Systematic Testing of Lubricants by Physical and Chemical
Methods. IX. The Mechanical Testing of Lubricants. X. The Design and Lubrication
of Bearings. XI. The Lubrication of Machinery. INDEX.
"A most valuable and comprehe isive treatise on a subject of the greatest importance

t o engineers." Engineering.

LONDON: CHARLES GRIFFIN & CO.. LIMITED. EXETER STREET, STRAND,
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In Crown 8vo, Cloth. Illustrated with Diagrams. 3s. net.

THE FORCE OF THE WIND.
BY HERBERT CHATLEY, B.Sc. ENG. (LOND.),

Professor of Civil Engineering, Tong Shan Engineering College, N. China.

CONTENTS. Practical Importance of Wind Pressure. Impulsive
Force of the Wind. Variations in Velocity. Stream Line Theory. Stress
in Structures due to Wind. Windmills. Train and Motor Resistance.
Effect of Wind on Water. Scouring Effect of Wind. INDEX.

"Could not well be more terse or pointed." Symon's Meteorological Magazine.

In Crown 8vo. Handsome Cloth. With 22 Diagrams. 3s. 6d. net.

STRESSES IN MASONRY.
BY HERBERT CHATLEY, B.Sc. ENG. (LOND.).

CONTENTS. Strength of Stone. Walls. Columns and Piers.

Brackets and Cantilevers. Simple Arches. Vaults and Skew Arches.

Domes. Retaining Walls and Domes. Artificial Stone. Re-inforced

Concrete. INDEX.
"A most useful aid to surmounting the difficulties which this subject presents."

Surveyor.

In Handsome Cloth. With 11 Folding Tables. 12s. 6d. net.

EXPERIMENTAL INVESTIGATIONS ON THE POWER REQUIRED TO DRIVEROLLING MILLS.
TRANSLATED FROM THE GERMAN OF J. PUPPE.

" The thoroughness with which the work is undertaken is exemplified in the Tables."

Ironmonger.

FIFTH EDITION. Pp. i-xii + 157. With 50 Illustrations. Cloth, Is. 8d.

STEAM - BOILERS:
THEIR DEFECTS, MANAGEMENT, AND CONSTRUCTION,

BY R. D. MTJNRO,
Chief Engineer of the Scottish Boiler Insurance and Engine Inspection Company.

" A valuable companion for workmen and engineers engaged about Steam Boilers, ought
to be carefully studied, and ALWAYS AT HAND." Coll. Guardian.

BY THE SAME AUTHOR.

KITCHEN BOILER EXPLOSIONS: Why
they Occur, and How to Prevent their Occurrence. A Practical Handbook
based on Actual Experiment. With Diagram and Coloured Plate. 35.

In Crown Svo, Cloth. Pp. i-xii+i8o. With 143 Illustrations. $s. net.

EMERY GRINDING MACHINERY.
A Text-Book of Workshop Practice in General Tool Grinding, and the

Design, Construction, and Application of the Machines Employed.

BY R. B. HODGSON, A.M.INST.MECH.E.
' '

Eminently practical . . . cannot fail to attract the notice of the users of this class o$

machinery, and to meet with careful perusal." Chem. Trade Journal.

M5NDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND,
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In Crown Quarto. Cloth. With 126 Figures, 88 Drawings, and sample
Blue and White Prints, also Tracing. Fully Illustrated. 10s. 6d. net.

AN ELEMENTARY TEXT-BOOK ON

MECHANICAL DRAWING.
BY JOHN E. JAGGER, M.Sc.(Vic)., WHIT. Sen.

"Mr. Jagger has the ability to impart to others his own clear and exact
knowledge." Engineer.

FIFTH EDITION, Thoroughly Revised and Greatly Enlarged. Pp. i-x + 258.

With 10 Plates and 246 other Illustrations. Price 10s. 6d.

VALVES AND VALVE - GEARING s

A Practical Text-bookfor the use of Engineers, Draughtsmen, and Students.

BY CHARLES HURST, PRACTICAL DRAUGHTSMAN.

PART I. Steam Engine Valves.
PART II. Gas Engine Valves and

Gears.

PART III. Air Compressor Valves and
Gearing.

PART IV. Pump Valves.

"Ma. HUHST'S VALVES and VALVE-GBAKINO will prove a very valuable aid, and tend to the
production of Engines of SCIENTIFIC DESIGN and ECONOMICAL WOBKING. . . . Will be largely
sought after by Students and Designers." Marine Engineer.

" As a practical treatise on the subject, the book stands without a rival."- Mechanical
World.

Hints on Steam Engine Design and Construction. By CHARLES
HURST, "Author of Valves and Valve Gearing." SECOND EDITION,
Revised. In Paper Boards, 8vo., Cloth Back. Pp. i-vi + 62. With
32 Illustrations. Price Is. 6d. net.

CONTENTS. I. Steam Pipes. II. Valves. III. Cylinders. IV. Air Pumps and Con-
densers.-V. Motion Work.-VI. Crank Shafts and Pedestals.-VII. Valve Gear.-VIII.
Lubrication. IX. Miscellaneous Details INDEX.

"A handy volume which every practical young engineer should possess." The Model
Engineer.

FIFTH EDITION. In Two Parts, Published Separately.

A TEXT-BOOK OF

Engineering Drawing and Design.
BY SIDNEY H. WELLS, Wn.Sc., A.M.I.C.E., A.M.I.MEcn.E.

VOL. I. PRACTICAL GEOMETRY, PLANE, AND SOLID.

Pp. i-xi + 149. With 101 Illustrations, and an Appendix
of 43 pages with 70 Illustrations. 4s. 6d.

VOL. II. MACHINE AND ENGINE DRAWING AND DESIGN.

Pp. i-xi + 321. With over 200 Illustrations. 4s. 6d.

" A CAPITAL TEXT-BOOK, arranged on an EXCELLENT STSTBM, calculated to give an intelligent
grasp of the subject, and not the mere faculty of mechanical copying. . . . Mr. Wells showi
now to make COMFI.KTB WORKING-DRAWINGS, discussing fully each step in the design." Electrical
Review

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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SECOND EDITION, Enlarged. In Crown Svo. Cloth. Pp. i-xiii + 463.

With 212 Illustrations. 6s. net.

PRACTICAL CALCULATIONS FOR ENGINEERS.
BY CHARLES E. LARARD,

A.M.Inst.C.E., M.I.Mech.E., Wh.Exh.,
Head of the Mechanical Engineering Department at the Northampton Institute, London, E.C.

AND H. A. GOLD I KG, A.M.I.Mech.E.

"Exactly what it should be in order to make it useful to students and practitioners of
engineering. Manchester Guardian.

SECOND EDITION. In Crown Svo, Cloth. Pp. xiii + 302.
With 125 Illustrations. 5s. net.

MECHANICAL ENGINEERINGFOR JSEGIIST^ERS.
BY R. S. M'LAREN.

CONTENTS. Materials. Bolts and Nuts, Studs, Set Screws. Boilers. Steam Raising
Accessories. Steam Pipes and Valves. The Steam Engine. Power Transmission.
Condensing Plant. The Steam Turbine. Electricity. Hydraulic Machinery. Gas and
Oil Engines. Strength of Beams, and Useful Information. INDEX.

"The best of its kind we have seen, and should be in the hands of every apprentice."
Steamship.

SIXTH EDITION. Folio, strongly half-bound, 2is.TRAYERSE TABLES:
Computed to Four Places of Decimals for every Minute of Angle

up to 100 of Distance.
For the Use of Surveyors and Engineers.

BY RICHARD LLOYD GURDEN,
Authorised Surveyor for the Governments of New South Wales and Victoria.

\* Published with the Concurrence of the Surveyors- General for New South
Wales and Victoria.

" Those who have experience in exact SURVEY-WORK will best know how to appreciate
the enormous amount of labour represented by this valuable book. Every Surveyor in
active practice has felt the want of such assistance FEW KNOWING OF THKIR (the Tables)
PUBLICATION WILL REMAIN WITHOUT THKM." Engineer.

Strongly Bound in Super Royal Svo. Cloth Boards. 7s. 6d. net.

For Calculating: Wages on the Bonus OP Premium Systems.
For Engineering, Technical and Allied Trades.

BY HENRY A. GOLDING, A.M.I.MECH.E.,
" Cannot fail to prove practically serviceable to those for whom they have beeo

designed." Scotsman.

HORSE -

BY H. A. GOLDING, A.M.I.MECH.E., A. M.I. A. E.

FOP Steam, Gas, and Oil Engines. Complete with Explanatory
Pamphlet. In Box. 5s. net.

FOP PetPOl MotOPS. Complete with Explanatory Pamphlet. In
Envelope. 6d.net.__ Detailed Prospectus on Application.

IONDON: CHARLES GRIFFIN & CO,, LIMITED, EXETER STREET, STRAND,
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SECOND EDITION, Revised. In Crown 8vo, extra, with Diagrams
and Folding-Plate. 7s. 6d. net.

THE CALCULUS FOR ENGINEERS
AND PHYSICISTS,

INTEGRATION AND DIFFERENTIATION,
With Applications to Technical Problems;

AND
CLASSIFIED REFERENCE LIST OF INTEGRALS.

BY PROB\ ROBERT H. SMITH, A.M.lNST.C.E., M.I.MECH.E., &c.
"
Interesting diagrams, with practical illustrations of actual occurrence, are to be found here

in abundance. THE VBBY COMPLETE CLASSIFIED BEFERENCE TABLE will prove very useful in

aaving the time of those who want an integral in a hurry." The Engineer.

In 4to, Boards. 7s. 6d.

MEASUREMENT CONVERSIONS
(English and French) :

43 GRAPHIC TABLES OR DIAGRAMS, ON 28 PLATES.

Showing at a glance the MUTUAL CONVERSION of MEASUREMENTS
in DIFFERENT UNITS

Of Lengths, Areas, Volumes, Weights, Stresses, Densities, Quantities
of Work, Horse Powers, Temperatures, &c.

For the use of Engineers, Surveyors, Architects, and Contractors.

BY PROF. ROBERT H. SMITH, A.M.lNST.C.E., M.I.MECH.E., &c.

THIRD EDITION. Pocket Size, Leather Limp, Avith Gilt Edges and Rounded Corners,

printed on Special Thin Paper, with Illustrations, pp. i-xii + 834. Price 18s. net.

THE MECHANICAL ENGINEER'S REFERENCE BOOK,
BY HENRY HARRISON SUPLEE, B.Sc., M.E.

" We feel sure it will be of great service to mechanical engineers." Engineering.

With Diagrams. Crown 8vo, Cloth, 45. 6cU

THE STUDENT'S MECHANICS:
An Introduction to the Study of Force and Motion.

BY WALTER R. BROWNE, M.A., M.lNST.C.E.
"
Clear in style and practical in method, 'THB STUDENT'S MECHANICS' is cordially to be

recommended from all points of view." Athenaum.

BY THE SAME AUTHOR.

FOUNDATIONS OF MECHANICS.
Papers reprinted from the Engineer. In Crown 8vo, is,

SECOND EDITION. Crown Svo. Illustrated. 7s. 6d.

THE MECHANIC'S GUIDE.
A Handbook for Engineers and Artisans. With Copious Tables and

Valuable Recipes for Practical Use.

BY W. VINCENT SHELTON-BEY,
Foreman to the Imperial Ottoman Gun Factories, Constantinople.

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, 8TKAM-.
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WORKS BY
ANDREW JAMIESON, M.lNST.C.E., M.I.E.E., F.R.S.E.,

Formerly Professor ofElectrical Engineering, The Glas. and W. of Scot. Tech. Coll.

PROFESSOR JAMIESON'S ADVANCED TEXT-BOOKS.
In Large Crown Svo. Fully Illustrated.

STEAM AND STEAM-ENGINES, INCLUDING TURBINES
AND BOILERS. For the Use of Engineers and for Students preparing
for Examinations. With 800 pp. ,

over 400 Illustrations, 1 1 Plates, many
B. of E., C. and G., Questions and Answers, and all Inst. C.E. Exams,
on Theory of Heat Engines. Volume I. SEVENTEENTH EDITION, Re-
vised, i os. 6d.
" The BEST BOOK yet published for the use of Students." Engineer.

Volume II., dealing with Entropy; Air, Gas, Oil, and other Heat Engines.
At Press.

APPLIED MECHANICS & MECHANICAL ENGINEERING.
In Five Volumes. Including All the Inst. C.E. Exams, in Section A,
(i) Applied Mechanics; (2) Strength and Elasticity of Materials; (3a)

Theory of Structures; Section B (Group ii.), Hydraulics; Theory of

Machines. Also B. of E. ; C. and G. Questions.

VOL. L Applied Mechanics. EIGHTH EDIT. Pp. i-xviii + 382. 6s.

,, II. Strength of Materials. EIGHTH EDIT. Pp. i-xviii + 264. 53.

,, III. -Theory of Structures. SEVENTH EDIT. Pp. i-xviii +232. 55.

,, IV. Hydraulics. SEVENTH EDITION. Pp. i-xvi + 274. 55.

V. Theory of Machines. SEVENTH EDIT. Pp. i-xx + 502. ;s. 6d.

*** In Five volumes, each complete in itself, and sold separately.

PROFESSOR JAMIESON'S INTRODUCTORY MANUALS.
Crown 8vo. With Illustrations and Examination Papers.

STEAM AND OTHER HEAT ENGINES (Elementary
Manual of). For First-Year Students, forming an Introduction to the

Author's larger Work. THIRTEENTH EDITION, Revised and Enlarged.
3/6-

" Should be in the hands of EVERY engineering apprentice.
'

Practical Engineer.

MAGNETISM AND ELECTRICITY (Practical Elementary
Manual of). For First-Year Students. With Stud. Inst.C. E. and B. of E.

Exam. Questions. EIGHTH EDITION, Revised and Enlarged. 3/6." A THOROUGHLY TRUSTWORTHY Text-book. PRACTICAL and clear." Nature.

APPLIED MECHANICS (Elementary Manual of).
For First-Year Students. With B. of E., C. and G. ; and Stud. Inst. C.E.

Questions. NINTH EDITION, Revised and Greatly Enlarged. 3/6."
I'he work has VERY HIGH QUALITIES, which may be condensed into the one word

* CLEAR.'
"

Science and Art.

A POCKET-BOOK of ELECTRICAL RULES and TABLES.
For the Use of Electricians and Engineers. By JOHN MUNRO, C.E.,
and Prof. JAMIESON. Pocket Size. Leather, 8s. 6d. NINETEENTH
EDITION. [See p. 30.
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WORKS BY W. J. MACQUORN RANKINE, LL.D., F.R.S.

Thoroughly Revised by W. J. MILLAR, C.E.

A MANUAL OF APPLIED MECHANICS : Comprising the

Principles of Statics and Cinematics, and Theory of Structures,
Mechanism, and Machines. With Numerous Diagrams. Crown 8vo,
Cloth. EIGHTEENTH EDITION. 12s. 6d.

A MANUAL OF CIVIL ENGINEERING : Comprising Engin
eering Surveys, Earthwork, Foundations, Masonry, Carpentry, Metal
Work, Roads, Railways, Canals, Rivers, Waterworks, Harbours, &c.
With Numerous Tables and Illustrations. Crown 8vo, Cloth.
TWENTY-THIRD EDITION. 16s.

A MANUAL OF MACHINERY AND MILLWORK : Com-
prising the Geometry, Motions, Work, Strength, Construction, and
Objects of Machines, &c. With nearly 300 Illustrations. Crown
8vo, Cloth. SEVENTH EDITION. 12s. 6d.

A MANUAL OF THE STEAM-ENGINE AND OTHER
PRIME MOVERS. With a Section on GAS, OIL, and AIR
ENGINES, by BRYAN DONKIN, M.Inst.C.E. With Folding Plates
and Numerous Illustrations. Crown 8vo, Cloth. SEVENTEENTH
EDITION. 12s. 6d.

USEFUL RULES AND TABLES : For Architects, Builders,
. Engineers, Founders, Mechanics, Shipbuilders, Surveyors, &c. With
APPENDIX for the use of ELECTRICAL ENGINEERS. By Professor

JAMIESON, M.Inst.C.E., M.LE.E. EIGHTH EDITION. 10s. 6d.

A MECHANICAL TEXT -BOOK: A Practical and Simple
Introduction to the Study of Mechanics. By Professor RANKINE
and E. F. BAMBER, C.E. With Numerous Illustrations. Crown
8vo, Cloth. FIPTH EDITION. 9s.

%* The " MECHANICAL TEXT-BOOK " wag designed by Professor RANKINE at an INTRO-
DUCTION to the above Series of Manuals.

MISCELLANEOUS SCIENTIFIC PAPERS. Part I. Tempera
ture, Elasticity, and Expansion of vapours, Liquids, and Solids.

Part II. Energy and its Transformations. Part III. Wave-Forms,
Propulsion of Vessels, &o. With Memoir by Professor TAIT, M.A.
With fine Portrait on Steel, Plates, and Diagrams. Royal Svo.

Cloth. 31s. 6d.
" No more enduring Memorial of Professor Rankine could be devised than the publica-

tion of these papers in an accessible form. . . . The Collection is most valuable on

account o the nature of his discoveries, and the beauty and completeness of his analysis.
"

Architect.

IONDOM: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND-
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ELECTRICAL ENGINEERING.
SECOND EDITION, Revised. In Large 8vo. Cloth. Pp. i-xvi + 496.

With 145 Illustrations, including 7 Plates. 24s. net.

CENTRAL ELECTRICAL STATIONS:
Their Design, Organisation, and Management,

BY CHAS. H. WORDINGHAM, A.K.C., M.lNST.C.E., M.INST.MECH.E.,
Late Memb. of Council InstE. E., and Electrical Engineer to the City of Manchester ;

Electrical Engineer-in-Chief to the Admiralty.
" One of the MOST VALUABLE CONTRIBUTIONS to Central Station literature we have had

for some time." Electricity.

In Medium 8vo. Fully Illustrated. Cloth.

ELECTRIC CRANE CONSTRUCTION,
BY CLAUDE V. HILL, A.M.lNST.C.E.

CONTENTS. Section I. Types of Cranes and General Stresses in their*
Structures. Overhead Cranes. Locomotive and Portable Jib Cranes. Derrick
Cranes. Transporters. Sheer Legs. Revolving Cantilever Cranes. Cableways.
Recorder Diagrams of Crane Tests. Calculation of Power for different Motions.
Starting Torque and Acceleration. Section II. Design of Crane Structures.
Stress Diagrams. Wind Pressure. Rivetting. Design of Struts Braced Columns, Jibs,
Towers, Cantilevers, Girders, &c. Examples. Design of Machinery. Strength.
Deflection and Twist of Shafts. Bearings. Roller Bearings. Wheels. Hoisting
Barrels. Live Rollers. Coil, Disc, Baud and Block Brakes. Electro-Magnetic
Brakes. Strength and Efficiency of Toothed and Worm Gear. Worm Gear for
Intermittent Work. Hooks. Ropes. Lifting Magnets. Design of Electro-magnets
and Solenoid Plunger Magnets. Motors, Rating, Speeds, Temperature Rise on
Intermittent Work. Controllers. Calculation of Resistances. Parallel Resistances for
Slow Speeds. Collector Gear. Section HI. Crane Installations. TABLES. INDEX.

Large 8vo. Cloth. Pp. i-x + 333 and 307 Illustrations. 16s. net.

ELECTRICITY METERS,
BY HENRY G. SOLOMON, A.M.Inst.E.E.

"An earnest and successful attempt to deal comprehensively with modern methods of
measuring current or power in electrical installations." Engineering.

In Large 8vo. Handsome Cloth. Fully Illustrated.TRANSFORMERS.
BY HERMANN BOHLE, M.I.E.E.,

Prof, of Electrotechnics, S.A. College, Cape Town,

AND PROFESSOR DAVID ROBERTSON, B.Sc., A.I.E.E., OF BRISTOL.
CONTENTS. General Principles. Magnetising and No-Load Currents. Losses i

Transformers. Iron Losses. Copper Losses. -Temperature Rise. Magnetic Leakage.
Leakage Inductance. Vector Diagrams for Transformers. Systematic Testing of Trans-
formers. Insulating Materials. Examples of Construction. Design of Transformers.
Applications of Transformers. Regulating and Phase-Changing Transformers. INDEX.

In Large 8vo. Pp. i-x + 116. With 79 Illustrations. 8s. 6d. net.

WIRELESS TELEGRAPHY,
BY GUSTAVE EICHHORN, PH.D.

"Well written . . . and combines with a good deal of description a careful

investigation of the fundamental theoretical phenomena."Nature.

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAKB.
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In Large Crown 8vo. Cloth. Pp. i-xvi + 268. With 222 Illustrations.

5s. net.

TELEGRAPHIC SYSTEMS,
AND OTHER NOTES.

A Handbook of the Principles on which Telegraphic Practice is Based.

BY ARTHUR CROTCH, of the Engineer-in-Chiefs Department, G.P.O.

CONTENTS. Batteries, Primary and Secondary. Universal Battery Working.
Duplex Telegraphy. Duplex and Quadruplex Telegraphy. Automatic Telegraphy.
Multiplex Telegraphy. The Hughes Type Printing Instrument. The Baudot System.
The Murray Type Printing Telegraph. Test and Battery Boxes. Circuit Concentration,
<fec. Repeaters. Submarine Telegraphy. Wireless Telegraphy. INDEX. LIST OP
DIAGRAMS OP CONNECTIONS.
-" This book is a particularly good one . . . we can thoroughly recommend it . . .

a handy book of ready reference." Electrical Review.
"The treatise will be of much help to the telegraph engineer, and to the student

in his preparatory training and it can be thoroughly recommended." Electrician.

NINETEENTH EDITION. Leather, Pocket Size, with 810 pages. 8s. 6d.

A POCKET-BOOK OF
ELECTRICAL RULES & TABLES

FOR THE USE OF ELECTRICIANS AND ENGINEERS.
BY JOHN MUNRO, C.E., & PROF. JAMIESON, M.lNST.C.E., F.R.S.B.

"WONDERFULLY PERFECT. . . . Worthy of the highest commendation we can

pve it." Electrician.

GRIFFIN'S ELECTRICAL PRICE-BOOK : For Electrical, Civil,

Marine, and Borough Engineers, Local Authorities, Architects, Railway
Contractors, &c. Edited by H. J. DOWSING. SECOND EDITION. 8s. 6d.

ELECTRIC SMELTING AND REFINING. [See p. 52.

ELECTRO-METALLURGY, A Treatise on. [See p. 52.

ELECTRICAL PRACTICE IN COLLIERIES. [See p. 42.

ELECTRICAL SIGNALLING IN MINES. [See p. 43.

In Large Crown 8vo. Handsome Cloth. 15s. net.

ELECTRICAL THEORY
AND THE

PROBLEM OP THE UNIVERSE.
BY G. W. DE TUNZELMANN, B.Sc., LONDON,

Member of the Institute of Electrical Engineers ; formerly Professor of Natural
Philosophy and Astronomy, H.M.S. "

Britannia," Dartmouth.
CONTENTS. Fundamental Electrical Phenomena. Units and Measurement.

Meaning and Possibility of a Mechanical Theory of Electricity. The Ether. The Ether
as a Framework of Reference for Motion. The Relations between Ether and Moving
Matter. Electric Conduction in Gases. The Faraday-Maxwell Theory. The Electron
Theory. Magnetism and the Dissipation of Energy. Contract Electrification and
Electrolysis. Metallic Conduction. Optical Phenomena. The Mechanism of Radiation.
General Phenomena of Radio Activity. Transmutations of Radio-Active Substances.
Ages of the Sun and Earth. The Solar Carona, The' Aurora, and Comets' Tails.

Radio-Activity in Stars and Nebulae. Arrangement and Number of Atoms in a Mole-
cule. Changes in the Aspect of Fundamental Mechanical Principals. Gravitation
and Cohesion. The Place of Mind in the Universe. Mathematical and other Appen-
dices. INDEX.

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET. STRAND,
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In Large 8vo. Handsome Cloth. Profusely Illustrated. IN Two
VOLUMES, Each Complete in itself, and SOLD SEPARATELY.

TKEE I3ESIGN
AND

CONSTRUCTION OF SHIPS.
BY JOHN HARVARD BILES, M.lNST.N.A.,

Professor of Naval Architecture in Glasgow University.

Volume I. CALCULATIONS AND STRENGTH. With 36 Folding
Plates, and 245 other Illustrations. Pp. i-viii + 423. Complete
in itself, with Index. 25s. net.

CONTENTS. PART I. Areas, Volumes, and Centres of Gravity. PART II. Ship
Calculations. PART III. Strength of Ships.

"No teacher of naval architecture nor scientifically -equipped student of the same
subject can afford to be without it ... A work with up-to-date information which
will doubtless remain the standard for many years." Times' Engineering Supplement.

Volume II., dealing with Stability, Waves, Oscillations, Resistance and
Propulsion, Design and Construction, is in active preparation, and
will be ready very shortly.

BY PROFESSOR BILES.

LECTURES ON THE MARINE STEAM TURBINE.
With 181 Illustrations. Price 6s. net.

See page 19.

Royal 8uo, Handsome Cloth. With numerous Illustrations and Tables. 258.

THE STABILITY OF SHIPS,
BY SIR EDWARD J. REED, K.C.B., F.R.S., M.P.,

KNIGHT OF THE IMPERIAL ORDERS OP ST. STANILAUS OF RUSSIA ; FRANCIS JOSEPH OF
AUSTRIA J MEDJIDIB OF TURKEY ; AND RISING SUN OF JAPAN ; VICB-

PRBSIDENT OF THE INSTITUTION OF NAVAL ARCHITECTS.

"
Sir EDWARD REED'S ' STABILITY OF SHIPS '

is INVALUABLE. The NAVAL ARCHI
will find brought together and ready to his hand, a mass of information which he would other-

wise have to seek in an almost endless variety of publications, and some of which he would

possibly not be able to obtain at all elsewhere." Steamship.

AERONAUTICAL ENGINEERING.
SECOND EDITION, Revised. In Large 8vo. Cloth. With many

Illustrations. 10s. 6d. net.

THE PROBLEM OP FLIGHT,
A TEXT-BOOK OF AERIAL ENGINEERING.

BY HERBERT CHATLKY, B.Sc.(ENG.), LONDON,
Professor of Civil Engineering, Tong Shan Engineering College, N. China.

CONTENTS. The Problem of Flight The Helix. The ASroplane. The Aviplane.
Dirigible Balloons. B^orm and Fittings of the Airship. APPENDICES (The Possibility of

Flight, Weight, A Flexible Wing, theory of Balance, Bibliography). INDEX.
" An epitome of the knowledge available on the subject." Scotsman.

IONDON: CHARLES GRIFFIN & C0, LIMITED, EXETER STREET, STRAND.
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WORKS BY THOMAS WALTON,
NAVAL ARCHITECT.

FOURTH EDITION. Pp. i-xvi + 332. With 18 Plates and 237 other

Illustrations, including 59 Folding Diagrams. 18s. net.

STEEL SH I PS;
THEIR CONSTRUCTION AND MAINTENANCE,

A Manual for Shipbuilders, Ship Superintendents, Students,
and Marine Engineers.

BY THOMAS WALTON, NAVAL ARCHITECT,
AUTHOR OF " KNOW YOUR OWN SHIP."

CONTENTS. I. Manufacture of Cast Iron, Wrought Iron, and Steel. Com-
position of Iron and Steel, Quality, Strength, Tests, &c. II. Classification of
Steel Ships. III. Considerations in making choice of Type of Vessel. Framing
of Ships. IV. Strains experienced by Ships. Methods of Computing ana
Comparing Strengths of Ships. V. Construction of Ships. Alternative Modes
of Construction. Types of Vessels. Turret, Self Trimming, and Trunk
Steamers, &c. Rivets and Eivetting, Workmanship. VI. Pumping Arrange-
ments. VII. Maintenance. Prevention of Deterioration in the Hulls of

Ships. Cement, Paint, &c. INDEX.
" So thorough and well written is every chapter in the book that it is difficult to select

any of them as being worthy of exceptional praise. Altogether, the work is excellent, and
will prove of great value to those for whom it is intended." The Engineer.

In Cloth. Pp. i.-xii. + 224. With 9 Plates and 163 other Illustrations,

including 40 Folding Diagrams. 7s. 6d. net.

PRESENT-DAY SHIPBUILDING.
For Shipyard Students, Ships' Officers, and Engineers.

BY THOS. WALTON.
GENERAL CONTENTS. Classification. Materials used in Shipbuilding.

Alternative Modes of Construction. Details of Construction. Framing,
Plating, Rivetting, Stem Frames, Twin-Screw Arrangements, Water
Ballast Arrangements, Loading and Discharging Gear, &c. Types of

Vessels, including Atlantic Liners, Cargo Steamers, Oil carrying Steamers,
Turret and other Self Trimming Steamers, &c. INDEX.

"Simple language . . . clear and easily followed illustrations." Times
Engineering Supplement.
"We heartily recommend it to all who have to do with ships." Steamship.

ELEVENTH EDITION. In Crown 8vo. Cloth. Pp. i-xvi + 363. With
142 Illustrations, including 2 Folding Diagrams. 7s. 6d.

The Chapters on Tonnage and Freeboard have been brought thoroughly
up to date, and embody the latest (1906) Board of Trade Regulations on
these subjects.

KNOW YOUR OWN SHIP.
BY THOMAS WALTON, NAVAL ARCHITECT.

Specially arranged to suit the requirements of Ships' Officers, Shipowners,
Superintendents, Draughtsmen, Engineers, and Others,

CONTENTS. Displacement and Deadweight. Moments. Buoyancy. Strain.

Structure. Stability. Rolling. Ballasting. Loading. Shifting Cargoes. Effect of

Admission of Water into Ship. Trim Tonnage. Freeboard (Load-line). Calculations.

Set of Calculations from Actual Drawings. INDEX.
" The work is of the highest value, and all who go down to the sea iu ships should make them-

selves acquainted with it." Shipping World (on the new edition).

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND,
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GRIFFIN'S NAUTICAL SERIES.

Introductory Volume. Pp. i-xix + 248. Price Ss. 6d.

British Mercantile Marine.
BY EDWARD BLACKMOB.E,

MASTER MARINER; ASSOCIATE OF THE INSTITUTION OF NAVAL ARCHITECTS;
MEMBER OF THE INSTITUTION OF ENGINEERS AND SHIPBUILDERS

IN SCOTLAND; EDITOR OF GRIFFIN'S "NAUTICAL SERIES."

GENERAL CONTENTS. HISTORICAL : From Early Times to 1486 Progress
cinder Henry VIII. To Death of Mary During Elizabeth's Reign Up to

the Reign of William III The 18th and 19th Centuries Institution of

Examinations Rise and Progress of Steam Propulsion Development of

Free Trade Shipping Legislation, 1862 to 1875
"
Locksley Hall" Case-

Shipmasters' Societies Loading of Ships Shipping Legislation, 1884 to 1894
Statistics of Shipping. THE PERSONNEL : Shipowners Officers Mariners
Duties and Present Position. EDUCATION: A Seaman's Education: what it

should be Present Means of Education Hints. DISCIPLINE AND DUTY
Postscript The Serious Decrease in the Number of British Seamen, a Matter
demanding the Attention of the Nation.

" INTERESTING and INSTRUCTIVE . . . may be read WITH PROFIT and ENJOYMENT."
Qlatgow Herald.

" EVERT BRANCH of the subject is dealt with in a way which shows that the writer
'knows the ropes' familiarly." Scotsman.

"This ADMIRABLE book . . . TEEMS with useful information Should be in the
hands of every Sailor." Western Morning News.

FIFTH EDITION, Thoroughly Revised. Pp. i-xvi + 250. With

Frontispiece, 24 Plates (3 Coloured), and 63 Illustrations

in the Text and new Chapter on Clouds. Price 6s.

A IVEAITUJBLIL. OF1

ELEMENTARY SEAMANSHIP.
BY

O. WILSON-BARKER, MASTER MARINER; F.R.S.E., F.R.G.S.,&o., &0.
YOUNGER BROTHER OP THE TRINITY HOUSE.

GENERAL CONTENTS. The Building of a Ship; Parts of Hull, Masts,
&c. Ropes, Knots, Splicing, &c. Gear, Lead and Log, &c. Rigging,
Anchors Sailmaking The Sails, &c. Handling of Boats under Sail

Signals and Signalling Rule of the Road Keeping and Relieving Watch-
Points of Etiquette Glossary of Sea Terms and Phrases Index.

*** The volume contains the NEW RULES OF THE ROAD.

" This ADMIRABLE MANUAL, by CAP!. WILSON-BARKER of the '

Worcester,' seems to us
PERFECTLY DESIGNED, and holds its place excellently in ' GRIFFIN'S NAUTICAL SERIES.' . . .

Although intended for those who are to become Officers of the Merchant Navy, it will be
tfonnd useful by ALL YACHTSMEN." Athenaeum.

LONDON : CHARLES GRIFFIN & CO,, LIMITED, EXETER STREET, STRAND.
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GRIFFIN'S NAUTICAL SERIES.

SECOND EDITION, Revised. Pp. i-xii + 156. With 61
Illustrations. Price Ss. 6d.

i NAVIGATION:
BY DAVID WILSON-BARKER, R.N.R., F.R.S.E., <fcc., &0.,,

AND

WILLIAM ALLINGHAM,
FIRST-CLASS HONOURS, NAVIGATION, SCIENCE AND ART DEPARTMENT.

TWUtb flumerous 5Uu0tratfon0 and Examination

GKNEBAL CONTENTS. Definitions Latitude and Longitude Instruments-
of Navigation Correction of Courses Plane Sailing Traverse Sailing DayV
Work Parallel Sailing Middle Latitude Sailing Mercator's Chart
Mercator Sailing Current Sailing Position by Bearings Great Circle Sailing
The Tides Questions Appendix : Compass Error Numerous Useful Hints,

&c. Index.

from Second Mate to extra Master. . . . Candidates will find it INVALUABLE.
"

J

Advertiser.
"A CAPITAL LITTLK BOOK . . . specially adapted to the New Examinations. The

Authors are OAPT. WILSON-BARKEK (Captain-Superintendent of the Nautical College, H.M.S.
1

Worcester,' who has had great experience in the highest problems of Navigation), and
MB, ALLINGHAM, a well-known writer on the Science of Navigation and Nautical Astronomy."
Shipping World.

Handsome Cloth. Pp. i-xvi + 182. With 10 Plates and 34 other

Illustrations. Price 7s. 6d.

MARINE METEOROLOGY,
FOR OFFICERS OF THE MERCHANT NAVY.

BY WILLIAM ALLINGHAM,
Joint Author of "Navigation, Theoretical and Practical."

With numerous Plates, Maps, Diagrams, and Illustrations, and a facsimile

Reproduction of a Page from an actual Meteorological Log-Book,

SUMMARY OF CONTENTS.
INTRODUCTORY. Instruments Used at Sea for Meteorological Purposes. Meteoro-

logical Log-Books. Atmospheric Pressure. Air Temperatures. Sea Temperatures.
"Winds. Wind force Scales. History of the Law of Storms. Hurricanes, Seasons, and
Storm Tracks. Solution of the Cyclone Problem. Ocean Currents. Icebe
chronous Charts. Dew, Mists, Fogs, and Haze. Clouds. Rain, Snow, and Hail.

Mirage, Rainbows, Coronas, Halos, and Meteors. Lightning, Corposants, and Auroras.
QUESTIONS. APPENDIX. INDEX.

"
Quite the BEST publication, AND certainly the MOST INTEEESTING, on this subject ever

presented to Nautical men." Shipping Gazette.

LONDON: CHARLES GRIFFIN <& CO,. LIMITED, EXETER STREET, STRAND-
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GRIFFIN'S NAUTICAL SERIES.

THIRD EDITION, REVISED. Pp. i-xii + 175. With 54 Illustrations.

Price 3s. 6d.

PRACTICAL MECHANICS:
Applied to the Requirements of the Sailor.

BY THOS. MACKENZIE, Master Mariner, F.R.A.S.

GENERAL CONTENTS. Resolution and Composition of Forces Work done

by Machines and Living Agents The Mechanical Powers : The Lever ;

Derricks as Bent Levers The Wheel and Axle: Windlass; Ship's Capstan;
Crab Winch Tackles : the "Old Man" The Inclined Plane; the Screw
The Centre of Gravity of a Ship and Cargo Relative -Strength of Rope :

Steel Wire, Manilla, Hemp, Coir Derricks and Shears- Calculation of the

Cross-breaking Strain of Fir Spar Centre of Effort of Sails Hydrostatics :

the Diving-bell ; Stability of Floating Bodies
;
the Ship's Pump, &c.

" WELL WORTH the money . . . will be found EXCEEDINGLY HELPFUL."-

Shipping World.
** No SHIPS' OFFICERS' BOOKCASE will henceforth be complete without

CAPTAIN MACKENZIE'S * PRACTICAL MECHANICS.' Notwithstanding my many
years' experience at sea, it has told me how much more there is to acquire."

(Letter to the Publishers from a Master Mariner).

WORKS BY RICHARD C. BUCK,
of the Thames Nautical Training College, H.M.S. 'Worcester.'

THIRD EDITION, Revised and Corrected. Pp. i-viii + 113.

With 38 Illustrations. Price 3s. 6d.

A MANUAL OF TRIGONOMETRY:
With Diagrams, Examples, and Exercises.

** Mr. Buck's Text-Book has been SPECIALLY PREPARED with a view
to the Examinations of the Board of Trade, in which Trigonometry
is an obligatory subject.

"This EMINENTLY PRACTICAL and RELIABLE VOLUME." Schoolmaster

SECOND EDITION, Revised. Pp. i-viii + 158. ?Price 3s. 6d.

A MANUAL OF ALGEBRA.
Designed to meet the Requirements of Sailors and others.

\* These elementary works on ALGEBRA and TRIGONOMETRY are written specially for
those who will have little opportunity of consulting a Teacher. They are books for " SELP-
HELP." All but the simplest explanations have, therefore, been avoided, and ANSWERS to
the Exercises are given. Any person may readily, by careful study, become master of their
contents, and thus lay the foundation for a further mathematical course, if desired, it is

hoped that to the younger Officers of our Mercantile Marine they will be found decidedly
ervioeable. The Examples and Exercises are taken from the Examination Papers set for
the Cadets of the "Worcester."

"Clearly arranged, and well got up. ... A flrst-rate Elementary Algebra."
Nautical Magazine.

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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GRIFFIN'S NAUTICAL SERIES,

SECOND EDITION, Revised. With Diagrams. Price 2s.

LATITUDE AND LONGITUDE : How to Find them.

BY W. J. MILLAR, C.E.,
Late Secretary to the Inst. of Engineers and Shipbuilders in Scotland.

" CONCISELY and CLEARLY WEITTEN . . . cannot but prove an acquisition
to those studying Navigation." Marine Engineer."

Young Seamen will find it HANDY and USEFUL, SIMPLE and CLEAR." The
Engineer.

SECOND EDITION, Revised. In Crown 8vo. Pp. i-xvii + 230. Price 4s. 6d.

THE LEGAL DUTIES OF SHIPMASTERS.
BY BENEDICT WM. GINSBURG, M.A., LL.D. (CANTAB.),

Of the Inner Temple and Northern Circuit ; Barrister-at-Law.

General Contents. Qualification for Position of Shipmaster. Cor tract with Ship-
owner. Duty in respect of the Crew : Engagement ; Apprentices ; Discipline ; Pro-
visions, Accommodation, and Medical Comforts ; Payment of Wages and Discharge.
Passengers. Financial Responsibilities. Cargo. Casualty. Duty to certain Public
Authorities. Pilots, Signals, Flags, and Light Dues. Arrival at the Port of Discharge.
Appendices on Legal Matters : B.O.T. Certificates, Dietary Scales, Stowage of Grain

Cargoes, Load Line Regulations, Life-saving Appliances, Carriage of Cattle. INDEX.
" No intelligent Master should fail to add this to his list of necessary books. A few lines

Of it may SAVE A LAWYEB'S FEE, BESIDES ENDLESS WORRY." Liverpool Journal of Commerce.

FIRST AID AT SEA.
THIRD EDITION, Revised. Pp. i-xviii + 349. With 82 Illustrations and

the atest Regulations on the Carriage of Medical Stores. 6s.

A MEDICAL AND SURGICAL HELP
For Shipmasters and Officers in the Merchant Navy.

BY WM. JOHNSON SMITH, F.R.O.S.,
Principal Medical Officer, Seamen's Hospital, Greenwich.

%* The attention of all interested in our Merchant Navy is requested to this exceedingly
useful and valuable work. It is needless to say that it is the outcome of many years
PRACTICAL EXPERIENCE amongst Seamen.
"SOUND, JUDICIOUS, REALLY HELPFUL." The Lancet.

ELEVENTH EDITION, Revised and Enlarged. Price 7s. 6d.

KNOW YOUR OWN SHIP,
BY THOMAS WALTON, NAVAL ARCHITECT.

Specially arranged to suit the requirements of Ships' Officers, Shipowners,
Superintendents, Draughtsmen, Engineers, and Others.

For Contents and further particulars of this work, and other works

by the same author, see p. 32.
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OTHER WORKS OF INTEREST TO SAILORS.

In Pocket Size. ;With 368 Pages. 3s. 6d. net.

ENGLISH-SPANISH AND SPANISH-ENGLISH
SEA TERMS AND PHRASES.

BY FLEET-PAYMASTER GRAHAM-HEWLETT.
41 Most complete . . . useful . . we can heartily recommend it." Steamship.

In Crown 8vo. Handsome Cloth. Many Diagrams. 2s. 6d. net.

DEFINITIONS IN NAVIGATION & NAUTICAL
ASTRONOMY.

BY P GROVES-SHOWELL,
Head of the Navigation Department, L.C.C. School, Poplar.

CONTENTS. Definitions. General. Navigation. Nautical Astronomy.
Time. Miscellaneous. Notes. Measurements. Mariner's Compass.
Chronometer. Azimuth Compass. Pelorus. Sextant. Vernier. Arti-

ficial Horizon. Sounding Machine. Log. Station Pointer. Barometer.

Thermometer. Hygrometer. Hydrometer. Miscellan ecus. Star Nomen-
clature. Greek Alphabet. Planetary Symbols. Weights and Measures.

Areas. Volumes. Useful Notes. INDEX.

"Mr. Groves-Showell writes with a full knowledge of his subject, and with admirable
clearness." Shipbuilder.

Attention is also drawn to the following:

HYDROGRAPHIC SURVEYING. By COMMANDER S.

MESSUM, R.N. [See page 16.

THEODOLITE SURVEYING. By Professor JAMES PARK.

[See page 41.

THE FORCE OF THE WIND, By HERBERT CHATLEY, B.Sc.

[See page 23.

THE EARTH'S ATMOSPHERE. By Dr. T. L. PHIPSON.

[See page 46.

WIRELESS TELEGRAPHY. By GUSTAVE EICHHORN, PH.D.

[See page 29.
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MINING WORKS.

Pages 39-45.



MINING WORKS. 39*

SIR CLEMENT LE NEVE FOSTER, D.Se., F.R.S.

SIXTH EDITION. With Frontispiece and 712 Illustrations. Price 28s. net*

ORE & STONE MINING.
BY SIR C. LE NEVE FOSTER, D.Sc., F.R.S.,

LATE PROFESSOR OF MINING, ROYAL COLLEGE OF SCIENCE.

REVISED, AND BROUGHT UP-TO-DATE

BY PROF. S. H. COX, Assoc.R.S.M.,
PROFESSOR OF MINING, ROYAL COLLEGE OF SCIENCE.

GENERAL CONTENTS.
INTRODUCTION. Mode of Occurrence of Minerals. Prospecting. Boring.

Breaking Ground. Supporting Excavations. Exploitation. Haulage or-

Transport. Hoisting or winding. Drainage. Ventilation. Lighting.
Descent and Ascent. Dressing Principles of Employment of Mining Labour.

Legislation affecting Mines and Quarries. Condition of the Miner.
Accidents. Index

"We have seldom had the pleasure to review a work so thorough and complete as-

the present one. Both in manner and in matter it is PAR SUPERIOR TO ANYTHING ON
ITS SPECIAL SUBJECT HITHERTO PUBLISHED IN ENGLAND." Athenceum.

" Not only is this work the acknowledged text-book on metal mining in Great Britain
and the Colonies, but that it is so regarded in the United States of America is evidenced
by the fact that it is the book on that subject recommended to the students in most of
the mining schools of that country." The Times.

SECOND EDITION, Revised. In Crown 8vo. Handsome Cloth.
With nearly 300 Illustrations. Price 7s. 6d. net.

THE ELEMENTS OF MINING AND QUARRYING.
An Introductory Text-Booh for Mining Students.

BY SIR C. LE NEVE FOSTER, D.Sc., F.RS.,
Late Professor of Mining at the Royal College of Science.

Revised by Prof. S. H. Cox, A.R.S.M., &c.

GENEKAL CONTENTS. INTKODUCTION. Occurrence of Minerals. Pro-

specting. Boring. Breaking Ground. Supporting Excavations.
Exploita-

tion. Haulage or Transport. Hoisting or Winding. Drainage. Ventilation.

Lighting. Descent and Ascent. Dressing, &c. INDEX.
"A remarkably clear survey of the whole field of mining operations." Engineer.
"Rarely does it fall to the lot of a reviewer to have to accord such unqualified praise as

this book deserves. . . . The profession generally have every reason to be grateful to
Sir C. Le Neve Foster for having enriched educational literature with so admirable an
elementary Text-book." Mining Journal.

In Large Crown 8vo. Fully Illustrated. 6s. net.

THE INVESTIGATION OF MINE AIR:
An Account by Several Authors of the Nature, Significance, and Practical

Methods of Measurement of the Impurities met with in the
Air of Collieries and Metalliferous Mines.

EDITED BY
SIR CLEMENT LE NEVE FOSTER, D.Sc., F.R.S.,

AND J. S. HALDANE, M.D., F.R.S.
We know of nothing essential that has been omitted. The book is liberally supplied

with illustrations of apparatus." Colliery Guardian.

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND,
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WORKS ON COAL-IY11NING.

FIFTH EDITION, Revised and Greatly Enlarged. With 4 Plates and
690 Illustrations. Price 24s. net.

A TEXT-BOOK OF COAL-MINING :

FOR THE USE OF COLLIERY MANAGERS AND OTHERS
ENGAGED IN COAL-MINING.

BY HERBERT WILLIAM HUGHES, F.G.S.,
Assoc. Royal School of Mines, General Manager of Sandwell Park Colliery.

GENERAL CONTENTS. Geology. Search for Coal. Breaking Ground.
Sinking. Preliminary Operations. Methods of Working. Haulage.
Winding. Pumping. Ventilation. Lighting. Works at Surface. Pre-

paration of Coal for Market. INDEX.
"
Quite THB BEST BOOK of its kind ... as PRACTICAL in aim as a book can be ... The

illustrations are EXCELLENT." Athenaeum.

"We cordially recommend the work." Colliery Guardian.
" Will soon come to be regarded as the STANDARD WORK of its kind." Birmingham Daily Gazette.

FOURTH EDITION, Thoroughly Revised and Greatly Enlarged. Re-set

throughout. Large Crown 8vo. Handsome Cloth. 12s. 6d.

PRACTICAL COAL-MINING:
A MANUAL FOR MANAGERS, UNDER-MANAGERS,

COLLIERY ENGINEERS, AND OTHERS.

With Worked-out Problems on Haulage, Pumping, Ventilation, dec.

BY GEORGE L. KERR, M.E., M.IxsT.M.E.

CONTENTS. The Sources and Nature of Coal. The Search for Coal.

Sinking. Explosives. Mechanical Wedges. Rock Drills and Coal-cutting
Machines. Coal-cutting by Machinery. Transmission of Power. Modes of

Working. Timbers. Roadways. Winding Coal. Haulage.- Tumping.
Ventilation. Safety Lamps. Surface Arrangements, Surveying, Levelling,
&c.

"An ESSENTIALLY PRACTICAL WORK, and can be confidently recommended. No department
of Coal-Mining has been overlooked." Engineers Gazette.

SECOND EDITION, Revised. In Crown 8vo. Handsome Cloth.

With 200 Illustrations. 3s. 6d.

ELEMENTARY COAL-MINING:
FOR THE USE OF STUDENTS, MINERS, AND OTHERS

PREPARING FOR EXAMINATIONS.

BY GEORGE L. KERR, M.E., M.INST.M.E.

CONTENTS. Sources and Nature of Coal. Exploration and Boring for

Coal. Breaking Ground. Explosives, Blasting, &c. Sinking and Fitting
of Shafts. Modes of Working. Timbering Roadways. Winding and
Drawing. Haulage. Pumping and Drainage. Ventilation. Cleaning and
Sorting Coal. Surveying, &c.

"An abundance of information conveyed in a popular and attractive form. . . . Will be
of great use to all who are in any way interested in coal mining." Scottish Critic.

LONDON: CHARLES GRIFFIN & CO., LIMITED. EXETER STREET. STRA.W
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FOURTEENTH EDITION, Revised. With Numerous Diagrams.
Cloth, 73. 6d.

A TREATISE ON MINE-SURVEYING:
For the use of Managers of Mines and Collieries, Students

at the Royal School of Mines, &c.

BY BENNETT H. BROUGH, Assoc.R.S.M., F.G.S.

REVISED BY L. H. COOKE,
Instructor of Mine-Surveying, Royal School of Mines.

CONTENTS. General Explanations. Measurement of Distances. Miners
Dial. Variation of the Magnetic Needle. Surveying with the Magnetic Needle
in the Presence of Iron. Surveying with the Fixed Needle. The German Dial.

The Theodolite. Traversing Underground. Surface Surveys with the Theodo-
lite. Plotting the Survey. Calculation of Areas. Levelling. Connection of the

Underground and Surface Surveys. Measuring Distances by Telescope. Setting-
out. Mine-Surveying Problems. Mine Plans. Application of the Magnetic
Needle in Mining. Photographic Surveys. APPENDICES. INDEX.

"Its CLEARNESS of STYLE, LUCIDITY of DESCRIPTION, and FULNESS ofDETAIL have long ago WOn
(or it a place unique in the literature of this branch of mining engineering, and the present edition fully
maintains the high standard of its predecessors. To the student, and to the mining engineer alike, ITS
VALUE is inestimable. The illustrations are excellent." The Mint*,? Journal.

In Crown 8vo. Handsome Cloth. Fully Illustrated. 6s. net.

A HANDBOOK ON

THEODOLITE SURVEYING AND LEVELLING.
For the use of Students in Land and Mine Surveying,

BY PROFESSOR JAMES PARK, F.G.S.

CONTENTS. The Scope and Object of Surveying. Land Surveying.
The Theodolite. Chains and Steel Bands. Obstacles to Allignment.
Meridian and Bearings. The Theodolite Traverse. Co-ordinates of a

Station. Calculation of Omitted or Connecting Line in a Traverse.
Calculation of Areas. Subdivision of Land. Triangulation. Determina-
tion of True Meridian, Latitude and Time. Levelling. Kailway Curves.
Mine Surveying. Surveying Boreholes. INDEX.
"A book which should prove as useful to the professional surveyor as to the

student." Nature.

SECOND EDITION, Revised. Crown 8vo. Handsome Cloth. Illustrated. 6s.

MINING GEOLOGY,
A TEXT-BOOK FOR MINING STUDENTS AND MINERS.

BY PROF. JAMES PARK, F.G.S., M.Inst.M.M.,
Professor of Mining and Director of the Otago University School of Mines ; late Director

Thames School of Mines, and Geological Surveyor and Mining Geologist to the
Government or New Zealand

GENERAL CONTENTS. Introduction. Classification of Mineral Deposits. Ore Veins,
their Filling, Age, and Structure. The Dynamics uf Lodes and Beds. -Ore Deposits-
Genetically Considered Ores and Minerals Considered Economically. Mine Sampling
and Ore Valuation. The Examination and Valuation of Mines. INDEX.

"A work which should find a place in the library of every mining engineer."
Mining World.

LONDON: CHARLES GRIFFIN & CO,, LIMITED, EXETER STREET, STRAND.
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WOBKS FOB MINERS AND STUDENTS.

THIRD EDITION. In Crown 8vo. Handsome Cloth. With 30 New
Illustrations. 7s. Qd. net.

ELECTRICAL PRACTICE IN COLLIERIES.
BY PEOF. D. BURNS, M.E., M.lNST.M.E.,

Professor of Mining an<l Geology to the Glasgow and West of Scotland Technical College.

Units of Measurement, Conductors, &c. The Theory of the Dynamo. The
Dynamo, Details of Construction and Working. Motors. Lighting Installa-

tions in Collieries. Pumping by Electricity. Electrical Haulage. Coal

Cutting. Miscellaneous Applications of Electricity in Mines. Coal Mines
Regulation Act (Electricity). INDEX.
"A clear and concise introduction to electrical practice in collieries." Mining

Journal.

In Crown 8vo, Handsome Cloth. 8s. 6d. net.

MINING LAW OF THE BRITISH EMPIRE.
BY CHARLES J. ALFORD, F.G.S., M.Inst.M.M.

CONTENTS. The Principles of Mining Law. The Mining Law of Great
Britain. British India. Ceylon. Burma. The Malay Peninsula. British
North Borneo. Egypt. Cyprus. The Dominion of Canada. British
Guiana. The Gold Coast Colony and Ashauti. Cape of Good Hope.
Natal. Orange River Colony. Transvaal Colony. Rhodesia. The
Commonwealth of Australia. New Zealand, &c. INDEX.

" Cannot fail to be useful . . . we cordially recommend the book." Mining World.

FIFTH IMPRESSION. In Large 8vo. Price 10s. 6rf.

MINE ACCOUNTS AND MINIM BOOK-KEEPING.
For Students, Managers, Secretaries, and others.

With Examples taken from Actual Practice of Leading Companies.
BY JAMES GUNSON LAWN, A.R.S.M., A.M.Inst.C.E., F.G.S.,

Head of the Mining Department, Camborne School of Mines.

EDITED BY SIB C. LE NEVE FOSTER, D.Sc., F.R.S.
"It seems IMPOSSIBLE to suggest how Mr. LAWN'S book could be made more COMPLETE or

more VALUABLE, careful, and exhaustive." Accountants' Magazine.

THIRD EDITION. In Pocket Size, Strongly Bound in Leather, 3s. 6d.

Provided with Detachable Blank Pages for MS.

THE MINING ENGINEERS' REPORT BOOK
AND DIRECTORS' AND SHAREHOLDERS' GUIDE TO MINING REPORTS.

BY EDWIN R. FIELD, M.INST.M.M.
With Notes on the Valuation of Property, and Tabulating Reports,

Useful Tables, and Examples of Calculations, &c.
"An ADMIRABLY compiled book which Mining Engineers and Managers will find

*XTREMELY USEFUL." Mining Journal.

In Crown Svo. Handsome Cloth. Illustrated. 10s. 6d. net.

A DICTIONARY OF

SPANISH-ENGLISH AND SPANISH-AMERICAN MINING,
METALLURGICAL, AND ALLIED TERMS.

To which some Portuguese and Portuguese-American (Brazilian) Terms are added.

BY EDWARD HALSE, A.R.S.M.,
Mem. Inst. Ming, and Metall., of the Eng. lust, of Sling, and Mctall. Engrs., &c., &c.

1 Will be found of the greatest service to the mining profession." Mining Journal.

LONDON: CHARLES GRIFFIN & CO,, LIMITED, EXETER STREET, STRAND,



MINING WORKS. 43

WORKS ON SINglSTS, EXPLOSIVES, fee.

In Medium 8vo, Handsome Cloth. With 18 Figures in the Text,
and 19 Folding Plates. 10s. 6d. net.

SHAFT-SINKING IN DIFFICULT CASES.
BY J. HIEMEK,

TRANSLATED BY J. W. BROUGH, A.M.lNST.C.E.

CONTENTS. Shaft Sinking by Hand. Shaft Sinking by Boring. The

Freezing Method. The Sinking Drum Process. BIBLIOGRAPHY. INDEX.

"The translator deserves the thanks of the mining community for placing this

valuable work before them. . . . The work is one which every mining engineer
should include in his library." Mining World.

SECOND EDITION, Revised. In Large 8vo, with Numerous Illustrations

and Folding Plates. 10s. 6d.

BLASTING : AND THE USE OF EXPLOSIVES.
BY OSCAR GUTTMANN, M.lNST.C.E., F.I.C., F.C.S.

CONTENTS. Historical Sketch. Blasting Materials. Qualities and

Handling of Explosives. The Choice of Blasting Materials. Preparation
of Blasts. Chamber Mines. Charging of Boreholes. Determination of

Charge. Blasting in Boreholes. Firing. Results of Working. Various

Blasting Operations. INDEX.
" Should prove a vade-mecum to Mining Engineers and all engaged in practical work."

Iron and Coal Trades Review.

In Medium 8vo, Cloth. With many Illustrations in the Text.

Four Full Page Plates and Four Folding Tables. 6s. net.

NEW METHODS OP

TESTING EXPLOSIVES.
BY 0. E. BICHEL.

TRANSLATED AND EDITED BY ALEX. LARSEN, M.lNST.C.E.

CONTENTS. Introductory. Historical. Testing Stations. Power
Oauges. Products of Combustion. Rate of Detonation. Length and
Duration of Flame. After-Flame Ratio. Transmission of Explosion.
Conclusion s. Efficiency.

"Its pages bristle with suggestions and actual experimental results to an extent
seldom found in a volume of five times its size." Arms and Explosives.

In Crown 8vo. Handsome Cloth. Fully Illustrated.

A MANUAL ON
ELECTRICAL SIGNALLING IN MINES.

BY GERALD J. HOOGHWINKEL, M.lNST.E.E., M.I.MiN.E.
CONTENTS. SECTION I. Electric Haulage Signals (a) Acoustic Signals. (6) Optical

Signals. (c) Acoustic Optical Signals. Current Supply. Batteries. Accumulators.
Main Supply. Design and Construction of Signalling Installations. Maintenance of
Signalling Installations. SECTION II. Electric Shaft Signals (a) Acoustic Signals. (6)
Electro-Mechanical Signals. <c) Optical Acoustic Signals. Signals for Winding Minerals.
For Winding Men. Signalling from the Cage. Emergency Signals. Bells. Mine

Telegraphs. Mine Telephones. SECTION III. Special Applications in Mines.

CONDON: CHARLES GRIFFIN & CO.. LIMITED. EXETER STREET. STRANfc
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SECOND EDITION, Revised Throughout. In Medium 8vo. With
Numerous Plates, Maps, and Illustrations. 21s. net.

CYANIDING GOLD & SILVER ORES.
A Practical Treatise on the Cyanide Process

; its Application,
Methods of Working, Design and Construction of

Plant, and Costs.

BY H. FORBES JULIAN,
Mining and Metallurgical Engineer ; Specialist in Gold ; Late Technical Adviser of the

Deutsche Gold und Silber Scheide Anstalt, Frankfort-on-Maine.

AND EDGAR SMART, A.M.I.O.E..
Civil and Metallurgical Engineer." A handsome volume of 400 pages which will be a valuable book of reference for all

associated with the process." Mining Journal.
"The authors are to be congratulated upon the production of what should prove to be

a standard work." Poke's Magazine.

In Large Crown 8vo. With 13 Plates and many Illustrations in the Text.
Handsome Cloth. 7s. Qd. net.

THE CYANIDE PROCESS OF GOLD EXTRACTION,
A Text-Booh for the Use of Metallurgists and Students at

Schools of Mines, dc.

BY JAMES PARK, F.G.S., M.lNST.M.M.,
Professor of Mining and Director of the Otagp University School of Mines ; late Director

Thames School of Mines, and Geological Surveyor and Mining Geologist
to the Government of New Zealand.

FOURTH ENGLISH EDITION. Thoroughly Revised and Greatly Enlarged.
With additional details concerning the Siemens-Halske and other
recent processes.

11 Deserves to be ranked as amongst the BEST OP EXISTING TREATISES." Mining Journal.

THIRD EDITION, Revised. With Plates and Illustrations. Cloth, 3s. 6d.

GETTI NG GOLD:
A GOLD-MINING* HANDBOOK FOR PRACTICAL MEN.

BY J. 0. F. JOHNSON, F.G.S., A.I.M.E.,
Life Member Australasian Mine-Managers' Association.

GENERAL CONTENTS. Introductory : Prospecting (Alluvial and General)
Lode or Reef Prospecting Genesiology of Gold Auriferous Lodes Drifts

Gold Extraction Lixiviation Calcination Motor Power and its Transmission

Company Formation Mining Appliances and Methods Australasian

Mining Regulations.
"PRACTICAL from beginning to end . . . deals thoroughly with the Prospecting,,

Sinking, Crushing, and Extraction of gold." Brit. Australasian.

In Crown Svo. Illustrated. Fancy Cloth Boards. 4s. 3d.

GOLD SEEKING IN SOUTH AFRICA:
A Handbook of Hints for intending- Explorers, Prospectors.

and Settlers.

BY THEO KASSNER,
Mine Manager, Author of the Geological Sketch Map of the De Kaap Gold Fields.

With a Chapter on the Agricultural Prospects of South Africa.

"As fascinating as anything ever penned by Jules Verne." African Commerce.

IONDON : CHARLES GRIFFIN & CO,, LIMITED, EXETER STREET, STRAN&
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GRIFFIN'S "NEW LAND" SERIES.

Practical Hand-Books for the Use of Prospectors^ Explorers^

Settlers, Colonists, and all Interested in the opening
up and Development of New Lands.

EDITED BY GRENVILLE A. J. COLE, M.R.I.A., F.G.S.,
Professor of Geology in the Royal College of Science for Ireland, and Examiner in

the University of London.

In Crown 8vo. Handsome Cloth. 5s.

With Numerous Maps Specially Drawn and Executed for this Work.

NEW LANDS;
THEIR RESOURCES AND PROSPECTIVE

ADVANTAGES.
BY HUGH ROBERT MILL, D.Sc., LL.D., F.R.S.E.,

"A want admirably supplied. . . . Has the advantage of being written by a pro-
eased Geographer." Geographical Journal.

With many Engravings and Photographs. Handsome Cloth, 4s. 6d.FOOD SUPPLY.
BY ROBERT BRUOE,

Agricultural Superintendent to the Royal Dublin Society.

With Appendix on Preserved Foods by C. A. MITCHELL, B.A., F.I.C.

" The work is one which will appeal to those intending to become farmers at home
or in the Colonies, and who desire to obtain a general idea of the true principles of

farming in ALL ITS BRANCHES." Journal of the Royal Colonial Inst.

FIFTH EDITION. With Illustrations. Handsome Clotht 5s.

PROSPECTING FOR MINERALS.
A Practical Handbook for Prospectors, Explorers, Settlers, and alt

interested in the Opening up and Development of New Lands.

BY S. HERBERT COX, Assoc.R.S.M., M.Inst.M.M., F.G.S.,
Professor of Mining at the Royal School of Mines.

GENERAL CONTENTS. Introduction and Hints on Geology The Determina-
tion of Minerals : Use of the Blow-pipe, &c. Rock forming Minerals and Non-
Metallic Minerals of Commercial Value : Rock Salt, Borax, Marbles, Litho-

graphic Stone, Quartz and Opal, &c., &c. Precious Stones and Gems Stratified

Deposits : Coal and Ores Mineral Veins and Lodes Irregular Deposits
Dynamics of Lodes : Faults, &c. Alluvial Deposits Noble Metals : Gold,.
Platinum, Silver, &c. Lead Mercury Copper Tin Zinc Iron Nickel,
&c. Sulphur, Antimony, Arsenic, &c. Combustible Minerals Petroleum
General Hints on Prospecting Glossary Index.
" This ADMIRABLE LITTLE WORK . . . written with SCIENTIFIC ACCURACY In a

CLEAR and LUCID style. ... An IMPORTANT ADDITION to technical literature . . .

Mining Journal.

LONDON;' CHARGES GRIFFIN & CO,, LIM.TED, EXETER STREET, STRAND,
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Demit 8vo, Handsome cloth, 3Jfs.

Stratigraphical Geology & Palaeontology,
ON TEE BASIS OF PHILLIPS.

BY ROBERT ETHERIDGE, F. R. S.,
OF THK NATURAL HIST. DEPARTMENT, BRITISH MUSEUM, LATE PALAEONTOLOGIST TO THB

GEOLOGICAL SURVEY OF GREAT BRITAIN, PAST PRESIDENT OF THB
GEOLOGICAL SOCIETY, ETC.

TOtb /fcap, numerous Cables, and 3birtgsi plates*

In Crown 8vo. Fully Illustrated. Cloth.GEOLOGY FOR ENGINEERS.
BY MAJOR SORSBIE, R.E.

CONTENTS. Dynamical aud Structural Geology. Rocks and Minerals. Historical
Geology. Geological Observation. Practical Geology. Coast Erosion. INDEX.

SIXTH EDITION, Thoroughly Revised. With Illustrations. Cloth. IDS. 6d.

PRACTICAL GEOLOGY:
WITH A SECTION ON PALEONTOLOGY.

BY PROFESSOR GRENVILLE COLE, M.R.I.A., F.G.S.

GENERAL CONTENTS.
Part I. Sampling of Earth's Crust.
Part II. Examination of Minerals.

Part III. Examination of Rocks.
Part IV. Examination of Fossils.

"That the work deserves its title, that it is full of 'AIDS,' and in the highest degree
PRACTICAL,' will be the verdict of all who use it." Nature.

STUDIES ICT
An Introduction to Geology Out-of-doors.

BY PROFESSOR GRENVILLE COLE, M.R.I. A., F.G..
For details, see Griffin's "Open Air" Series, p. 71.

In Demy 8vo. Handsome Cloth.

A BIBLIOGRAPHY OF THE
MINERAL WEALTH AND GEOLOGY OF CHINA.

ByC. Y. WANG, M.A.,B.Sc.,M.Am.Inst.Min.Eng.,M. Iron & Steel Inst.

In Crown &vo. Handsome Cloth. 2s. 6d.

RESEARCHES on the PAST and PRESENT HISTORY of

THE EARTH'S ATMOSPHERE.
Including the latest Discoveries and their Practical Applications.

BY DR. THOMAS LAMB PHIPSON.
"The book should prove of interest to general readers, as well as to meteorologists and

other students of science." Nature.

IONDON: CHARLES GRIFFIN ft CO., LIMITED, EXETER STREET, STRAND,
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s awrra mes.

STANDARD WORKS OF REFERENCE
FOR

Metallurgists, Mine-Owners, Assayers, Manufacturers,
and all interested in the development of

the Metallurgical Industries.

EDITED BY

Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L., F.R.S.
In Large 8vo, Handsome Cloth. With Illustrations.

INTRODUCTION to the STUDY of METALLURGY,
By the EDITOR. SIXTH EDITION. (Seep. 48.)

O-OLD (The Metallurgy of). By THOS. KIRKE ROSE,
D.Sc., Assoc. R.S.M., F.C.S., Chemist and Assayer of the Royal
Mint. FIFTH EDITION. 2is. (Seep. 48.)

LEAD (The Metallurgy of). By H. F. COLLINS, Assoc.

R.S.M., M.Inst.M.M. SECOND EDITION. (See p. 49.)

SILVER (The Metallurgy of). By H. F. COLLINS, A.R.S.M.,
M.Inst.M.M. SECOND EDITION. (See p. 49.)

IRON (The Metallurgy of). By T. TURNER, A.R.S.M.,
F.I.C., F.C.S. THIRD EDITION, Revised. 16s. net. (See p. 50.)

STEEL (The Metallurgy of). By F. W. HARBORD,
Assoc. R.S.M., F.I.C., with a Section on Mechanical Treatment by
J. W. HALL, A.M.Inst.C.E. FOURTH EDITION. (See p. 50.)

ALLOYS. By EDWARD F. LAW, Assoc. R.S.M. With Frontis-

piece in Colours, and Fine Series of Micro-photographs. 125. 6d. net.

(See p. 49).

ANTIMONY. By C. Y. WANG, M.A., B.Sc. Fully Illustrated.
I2s. 6d. net. (See p. 50).

Will be Published at Short Intervals.

METALLURGICAL MACHINERY : the Application of

Engineering to Metallurgical Problems. By HENRY CHARLES JENKINS,
Wh.Sc., Assoc. R.S.M.

COPPER (The Metallurgy of). By THOS. C. CLOUD, Assoc.
R.S.M.

%* Other Volumes in Preparation.

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET. STRAND.
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QRIFFIN'S METALLURGICAL SERIES.

SIXTH EDITION, thoroughly Revised and considerably Enlarged. Large
8vo, with numerous Illustrations and Micro-Photographic

Plates of different varieties of Steel. 18s. net.

An Introduction to the Study of

BY

Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L., F.R.S., A.R.S.M.,
Late Chemist and Assayer of the Royal Mint, and Professor of Metallurgy

in the Royal College of Science.

Revised throughout by F. W. HARBORD, A.R.S.M., F.I.C.

GENERAL CONTENTS. The Relation of Metallurgy to Chemistry. Physical Properties-
of Metals. Alloys. The Thermal Treatment of Metals. Fuel and Thermal Measurements.

Materials and Products of Metallurgical Processes. Furnaces. Means of Supplying Air
to Furnaces. Thermo- Chemistry. Typical Metallurgical Processes. The Micro-Structure
of Metals and Alloys. Economic Considerations.

" No English text-book at all approaches this in the COMPLETENESS with
which the most modern views on the subject are dealt with. Professor Austen's
volume will be INVALUABLE, not only to the student, but also to those whose

knowledge of the art is far advanced." Chemical News.

FIFTH EDITION*, Revised, Considerably Enlarged, and in part Re-writtenv

With Frontispiece and numerous Illustrations. 21s.

THE METALLURGY OF GOLD.
BY

t. KIRKE ROSE, D.Sc.Lond., Assoc.R.S.M.

Chemist and Assayer of the Royal Mint.

GENERAL CONTENTS. The Properties of Gold and its Alloys. Chemistry of the

Compounds of Gold. Mode of Occurrence and Distribution of Gold. Shallow Placer

Deposits. Deep Placer Deposits. Quartz Crushing in the Stamp Battery. Amalgam-
ation in the Stamp Battery. Other Forms ol Crushing and Amalgamating Machinery.
Concentration in Gold Mills. Dry Crushing. Re-grinding. Roasting. Chlorination :

The Plattner Process, The Barrel Process, The Vat-Solution Process. The Cyanide
Process. Chemistry of the Cyanide Process. Refining and Parting of Gold Bullion.

Assay of Gold Ores. Assay of Gold Bullion. Statistics of Gold Production. Biblio-

Taphy. INDEX.
" A COMPREHENSIVE PBACTiCAL TREATISE on this important subject." The Times.

"The MOST COMPLETE description of the CHLORINATION PROCESS which has yet been pub-
lished."-Mining Journal.

"Adapted for all who are interested in the Gold Mining Industry, being free from tech-

nicalities as far as possible, but is more particularly of value to those engaged in the

industry." Cape Times.

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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GRIFFIN'S METALLURGICAL SERIES.
EDITED BY SIR W. ROBERTS-AUSTEN, K.C.B., F.R.S., D.C.L.

In Large Svo. Handsome Cloth. With Illustrations.

SECOND EDITION, Revised Throughout and Enlarged. Illustrated.

THE METALLURGY OF LEAD.
BY H. F. COLLINS, Assoc.R.S.M., M.lNST.M.M.

A Complete and Exhaustive Treatise on the Manufacture of Lead,
"with Sections on Smelting and Desilverisation, and Chapters on the

Assay and Analysis of the Materials involved.

"A THOROUGHLY SOUND and useful digest. May with EVERY CONFIDENCE be
recommended."Mining Jmirnal.

SECOND EDITION, Revised Throughout and Enlarged. Illustrated.

THE METALLURGY OF SILVER.
BY H. F. COLLINS, Assoc.KS.M., M.lNST.M.M.

Comprising Details regarding the Sources and Treatment of Silver

Ores, together with Descriptions of Plant, Machinery, and Processes of

Manufacture, Refining of Bullion, Cost of Working, &c.

" The author has focussed A LARGE AMOUNT OP VALUABLE INFORMATION into a
convenient form. . . . The author has evidently considerable practical experience,
.and describes the various processes clearly and well." Mining Journal.

Frontispiece in Colours, and Beautiful Series of Photo-micrographs.
12s. 6d. net.

.A. m, L o -y s
AND THEIR INDUSTRIAL APPLICATIONS.

BY EDWARD F. LAW, A.R.S.M.

CONTENTS. Introduction. Properties of Alloys. Methods of Investigation.
Constitution. Influence of Temperature on Properties. Corrosion of Alloys. Copper
Alloys, Brass, Bronzes. Special Brasses and Bronzes. German Silver and Miscellaneous
Copper Alloys. White Metal Alloys. Anti-Friction Alloys. Aluminium Alloys.
Silver and Gold Alloys. Iron Alloys. Miscellaneous Alloys (Amalgams, &c.). INDEX.

"Concise and practical ... a valuable amount of information that will be
appreciated by student and manufacturer alike." Foundry Trades' Journal.

LONDON: CHARLES GRIFFIN & CO,, LIMITED, EXETER STREET, STRAND,
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GRIFFIN'S METALLURGICAL SERIES.

FOURTH EDITION, Thoroughly Revised. With Numerous Illustrations.

Large 8vo. Handsome Cloth.

With Additional Chapter on The Electric Smelting of Steel.

THE METALLURGY OF STEEL.
BY F. W. HARBORD, Assoc.RS.M., F.I.C.

With 37 Plates, 280 Illustrations in the Text, and nearly 100 Micro-
Sections of Steel, and a Section on

THE MECHANICAL TREATMENT OF STEEL.

BY J. W. HALL, A.M.lNST.C.E.
ABRIDGED CONTENTS. The Plant, Machinery, Methods and Chemistry of the Bessemer

and of the Open Hearth Processes (Acid and Basic). The Mechanical Treatment of Steel

comprising Mill Practice, Plant and Machinery. The Influence of Metalloids, Meat
Treatment, Special Steels, Microstructure, Testing, and Specifications.
The Engineer says, at the conclusion of a review of this book :

" We canno_conclude without
earnestly recommending all who may he interested as makers or users of steel, which practically
means the whole of the engineering profession, to make themselves acquainted with it as speedily
as possible, and this may be the more easily done as the published price, considering the sizfr

of the book, is extremely moderate."

THIRD EDITION, Revised and Enlarged. With many new Plates.
16s. net.

THE METALLURGY OF IRON.
BY THOMAS TURNER. Assoc.KS.M., F.I.C.,

Professor of Metallurgy in the University of Birmingham.
General Contents. Early History of Iron. Modern History of Iron. The Age of Steel.

Chief Iron Ores. Preparation of Iron Ores. The Blast Furnace. The Air used in the
Blast Furnace. Eeactions of the Blast Furnace. The Gaseous Products of the Blast
Furnace The Fuel used in the Blast Furnace. Slags and Fuses of Iron Smelting.
Properties of Cast Iron. Foundry Practice. Wrought Iron. Indirect Production of
Wrought Iron. The Puddling Process. Further Treatment of Wrought Iron. Corrosion
of Iron and Steel.

"A THOROUGHLY USEFUL BOOK, which brings the subject UP TO DATE. OF
GREAT VALUE to those engaged in the iron industry." Mining Journal.

%* For Professor Turner's Lectures on Iron-Founding, see page 53.

In Large 8vo. Handsome Cloth. Fully Illustrated. 12s. 6d. net.

Its History, Chemistry, Mineralogy, Geology, Metallurgy, Uses and
Preparation, Analysis, Production and Valuation.

BY C. Y. WANG, M.A., B.Sc.,
Mem. Am. Inst. Mining Eng. ; Mem. Iron and Steel Institute ; Mining Engineer to

the Chung Lou General Mining Company ; Geologist for the
Hunan Province, China, &c., &c.

"A book which stands alone, inasmuch as there is not, to our knowledge, any other
complete treatise on antimony among all the English text-books." 1ron and Coal
Trades' Review._
CONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRANQ.
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TWELFTH EDITION. With Tables and Illustrations. Cloth, IDS. 6d.

A TEXT-BOOK OF ASSAYING:
For the use of Students, Mine Managers, Assayers, <ct

BY J. J. BERINGER, F.I.C., F.C.S.,
Public Analyst for, and Lecturer to the Mining Association of, Cornwall.

AND C. BERINGER, F.C.S.,
Late Chief Assayer to the Rio Tinto Copper Company, London,

GENERAL CONTENTS. PART I. INTRODUCTORY ; MANIPULATION : Sampling ;

Drying ; Calculation of Results Laboratory-books and Reports. METHODS : Dry Gravi-
metric; Wet Gravimetric Volumetric Assays: Titrometnc, Colorimetric, Gasometric
Weighing and Measuring Reagents Formulae, Equations, &c. Specific Gravity.

PART II. METALS : Detection and Assay of Silver, Gold, Platinum, Mercury, Copper,
Lead, Thallium, Bismuth, Antimony, Iron, Nickel, Cobalt, Zinc, Cadmium, Tin, Tungsten,
Titanium, Manganese, Chromium, &c. Earths, Alkalies.

PART III. NON-METALS : Oxygen and Oxides ; The Halogens Sulphur and Sul-

phatesArsenic, Phosphorus, Nitrogen Silicon, Carbon, Boron Useful Tables.
"A REALLY MERITORIOUS WORK, that may be safely depended upon either for systematic

instruction or for reference." Nature.

In Crown 8vo. Handsome Cloth. Fully Illustrated. 3s. net.

AN INTRODUCTION TO

PRACTICAL METALLURGY.
BY PROF. THOMAS TURNER, A.R.S.M., F.I.C.

"It is an excellent and handy book for its purpose, and will have a far wider range
of usefulness than for class work alone." Practical Engineer.

FOURTH EDITION, Revised. With Numerous Illustrations. 6s.

A TEXT-BOOK OP

ELEMENTARY METALLURGY.
Including the Author's PRACTICAL LABORATORY COURSE.

BY A. HTJMBOLDT SEXTON, F.I.C., F.O.S.
" Just the kind of work for Students COMMENCING the study of Metallurgy, or for ENGINBERIN-.

Students. "Practical Engineer.

Large 8vo. Cloth. With Illustrations. 12s. 6d. net.

METALLURGICAL ANALYSIS & ASSAYING :

A THREE YEARS' COURSE FOR STUDENTS OF SCHOOLS OF MINES.
BY W. A. MACLEOD, B.A., B.Sc., AND CHAS. WALKER, F.C.S.
" The publication of this volume 'tends to prove that the teaching of metallurgical

analysis and assaying in Australia rests in competent hands." Nature.

THIRD EDITION. With Folding Plates and Many Illustrations. 36s.

ELEMENTS OF METALLURGY.
A Practical Treatise on the Art of Extracting Metals from their Ores.

BY J. ARTHUR PHILLIPS, M.lNST.C.E., F.G.S., &c., AND
H. BAUERMAN, V.P.G.S.

LONDON: CHARLES GRIFFIN & CO,, LIMITED, EXETER STREET, STRAND,
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In Crown 8vo. Handsome cloth. With 102 Illustrations. 6s. net.

A HANDBOOK ONMETALLIC JLLJL.OYS:
Their Structure and Constitution.

BY GILBERT H. GULLIVER, B.Sc., F.R.S.E.
"A valuable addition to existing literature on alloys." Foundry Trades' Journal.

In Crown 8vo. Beautifully Illustrated with nearly 100

Microphotographs of Steel, &c. 7s. 6d. net.

Microscopic Analysis of Metals.
BY FLOEJS OSMOND & J. E. STEAD, F.R.S., F.I.C.

" There has been no work previously published in English calculated to be so useful to
the student in metallographic research." Iron and Steel Trades' Journal.

In Large 8vo. Handsome Cloth. Price 4s.

QUANTITATIVE METALLURGICAL ANALYSIS.
TABLES FOR LABORATORY USE.

ON THE PRINCIPLE OF "GROUP" SEPARATIONS.

BY J. JAMES MORGAN, F.O.S., M.S.O.I.
" The Author may be CONGRATULATED on the way his work has been carried out."

The Engineer.

THIRD EDITION, Revised, Enlarged, and Re-written. 12s. 6d. net.

A TREATISE ON
ELECTRO -METALLURGY:
Embracing the Application of Electrolysis to the Plating, Depositing,

Smelting, and Refining of various Metals, and to the Repro-
duction of Printing Surfaces and Art-Work, &c.

BY W. G. M'MILLAN, F.I.C., AND W. R. COOPER. M.A., B.Sc.
"
Excellent, ... one of the BEST and MOST COMPLETE manuals hitherto published

on Electro-Metallurgy." Electrical Review (on the Second Edition).

SECOND EDITION, Thoroughly Revised and Enlarged. In large 8vo.
With Numerous Illustrations and Three Folding-Plates. 21s. net.

ELECTRIC SIELTIM &
A Practical Manual of the Extraction and Treatment

of Metals by Electrical Methods

Being the " ELEKTRO-METALLURGIE "
of DR. W. BORCHERS.

Translated from the Latest German Edition by WALTER G. M CMILLAN,
F.I.C., F.C.S.

" COMPREHENSIVE and AUTHORITATIVE . . . not only FULL of VALUABLE INFOR-
MATION, but gives evidence of a THOROUGH INSIGHT into the technical VALUE and
POSSIBILITIES of all the methods discussed." The Electrician.

LONDON: CHARLES GRIFFIN & CO,, LIMITED EXETER STREET, STRAND.
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In Medium Svo. Handsome Cloth. Fully Illustrated. 15s. net.

GENERAL FOUNDRY PRACTICE:
A Practical Handbook for Iron, Steel and Brass Founders,

Metallurgists, and Students of Metallurgy.
BY A. MCWILLIAM, A.R.S.M., AND PERCY LONGMUIR.

" The student of foundry work . . . needs no other text-book. . . . The book
contains a tremendous amount of information, and is well written." Engineering Times.

SECOND EDITION. Extra Crown Svo. With many Illustrations.

3s. 6d. net.

LECTURES ON IRON-FOUNDING.
BY THOMAS TURNER, M.Sc., A.R.S.M., F.I.C.,

Professor of Metallurgy in the University of Birmingham.

CONTENTS. Varieties of Iron and Steel. Application of Cast Iron. History. Pro-
duction. Iron Ores. Composition. The Blast Furnace. Materials. Reactions.

Grading Pig Iron. Carbon, Silicon, Sulphur, Phosphorus, Manganese, Aluminium,
Arsenic, Copper, and Titanium. The Foundry. General Arrangement. Re-melting
Cast Iron. The Cupola. Fuel Used. Changes due to Re-melting. Moulds and
Moulding. Foundry Ladles. Pouring and Pouring Temperature. Common Troubles.
Influence of Shape and Size on Strength of Castings. Tests.
" Ironfounders will find much information in the book." Iron Trade Circular

Ryland's).

In Crown Svo. Handsome Cloth, is. 6d. net.

BLAST FURNACE PRACTICE.
BY J. JAMES MORGAN, F.C.S., M.S.C.I.,

Author of "
Quantitative Metallurgical Tables," &c.

CONTENTS. Requirements. Iron Ores. Fuel. Flux. Slags. Quantity" ot Slag.

Burden, Charge, Round. The Blast. Ore Mixing. Amount and Composition of the
Iron. Calculation of Flux. Heating the Blast; Stoves Drying, Changing, and
Cleaning. Drying the Furnace. Filling the Furnace, and Lighting. Charging the
Furnace. Descent of the Charge. Flushing. Tapping. Hard Tapping Hole. Running
down the Beds (Casting). Judging the Temperature. Controlling the Temperature.
Temperature and the Reduction of Silicon. The Pig Iron. Fuel Consumption.
Economy in Fuel Consumption. Tuyeres : Leaky, Changing. Cooler or "Jumbo."
Obstructions. Pillaring. Breakouts. Hot Spots. Scaffolds (Hanging). Slips. Damp-
ing Down. Blowing Out. INDEX.

"Excellent. . . . It is essentially suitable for the practical man, and to the

beginner particularly it should prove valuable."Iron and Coal Trades Record.

SECOND EDITION, Revised. In Large Grown Svo. With Numerous
Illustrations. 7s. 6d. net.

THE ART OF THE GOLDSMITH AND JEWELLER,
A Manual on the Manipulation of Gold and the

Manufacture of Personal Ornaments.

BY THOS. B. WIGLEY,
Headmaster of the Jewellers and Silversmiths' Assoc. Tech. School, Birmingham.

ASSISTED BY J. H. STANSBIE, B.Sc. (Losnx), F.I.O.,
Lecturer at the Birmingham Municipal Technical School.

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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SECOND EDITION, Revised, Enlarged, and Re-set Throughout on Larger Page.
With Valuable Bibliography, New Maps, Illustrations, <&c. 45s. net.

IN TWO VO L XJ IVI E S.
A T R E A T/SH ON

IPIETIR; O L IE TJ 3VC .

BY SIR BOVERTON REDWOOD,
D.Sc., F.K.S.E., ASSOO.INST.C.E., F.I.C.

CONTENTS. SECTION I. : Historical Account of the Petroleum Industry. SECTION II. :

Geological and Geographical Distribution of Petroleum and Natural Gas. SECTION III.:

The Chemical and Physical Properties of Petroleum and Natural Gas. SECTION IV. :

The Origin of Petroleum and Natural Gas. SECTION V.: The Production of Petroleum,
Natural Gas, and Ozokerite. SECTION VI.: The Refining of Petroleum. SECTION VII.:
The Shale Oil and Allied Industries. SECTION VIII. : The Transport, Storage, and Dis-
tribution of Petroleum. SECTION IX. : The Testing of Crude Petroleum, Petroleum and
Shale Oil Products, Ozokerite, and Asphalt. SECTION X. : The Uses of Petroleum and
its Products. SECTION XI. : Statutory, Municipal, and other Regulations relating to
the Testing, Storage, Transport, and Use of Petroleum and its Products. APPENDICES.
BIBLIOGRAPHY. INDEX.
"It is indisputably the most comprehensive and complete treatise on petroleum, and this

statement is true, no matter on what branch of the industry a test of its merits is made. It is

the only book in existence which gives the oil man a clear arid reliable outline of the growth and
present-day condition of the entire petroleum world. . . . There is a wonderfully complete
collection of plates and illustrations. Petroleum World.

SECOND EDITION, Revised. With Illustrations. Price Ss. Qd. net.

A HANDBOOK ON PETROLEUM.
FOR INSPECTORS UNDER THE PETROLEUM ACTS,

And for those engaged in the Storage, Transport, Distribution, and Industrial
Use of Petroleum and its Products, and of Calcium Carbide. With

suggestions on the Construction and Use of Mineral Oil Lamps.
BY CAPTAIN J. H. THOMSON,

H.M. Chief Inspector of Explosives,

AND SIR BOVERTON REDWOOD,
Author of "A Treatise on Petroleum."

" A volume that will enrich the world's petroleum literature, and render a service to th&
British branch of the industry. . . . Reliable, indispensable, a brilliant contribution."
Petroleum.

In Crown 8vo. Fully Illustrated. 2s. 6d. net.

THE LABORATORY BOOK OF MINERAL OIL TESTING.
BY J. A. HICKS,

Chemist to Sir Boverton Redwood.
Should be on the shelves of every analytical chemist in practice." Chemical Trade Journal.

In Large Crown 8vo, Cloth. Fully Illustrated 5s. net.

O X L FUEL:
ITS SUPPLY, COMPOSITION, AND APPLICATION.

BY SIDNEY H. NORTH,
LATE EDITOR OF THE "PETROLEUM REVIEW."

CONTENTS. The Sources of Supply. Economic Aspect of Liquid Fuel. Chemical
Composition of Fuel Oils. Conditions of Combustion in Oil Fuel Furnaces. Early
Methods and Experiments. Modern Burners and Methods. Oil Fuel for Marine Pur-

poses. For Naval Purposes. On Locomotives. For Metallurgical and other Purposes.
Appendices. -INDEX."

Everyone interested in this important question will welcome Mr. North's excellent
text-book." Nature.

THE PETROLEUM LAMP: Its Choice and Use. A Guide
to the Safe Employment of the Paraffin Lamp. By CAPT. J. H.
THOMSON and Sir BoVKRTON REDWOOD. Illustrated, ls.net.

"A work which will meet every purpose for which it has been written." Petroleum.

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND,
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In Two Vols., Large 8vo. With Illustrations. Sold Separately,

CHEMISTRY FOR ENGINEERS
AND MANUFACTURERS.

BY

BERTRAM BLQUNT, E.I.C., & A. G. BLOXAM, F.I.C.

VOLUME I. Chemistry of Engineering, Building, and Metallurgy. General
Contents. INTRODUCTION. Chemistry of the Chief Materials of Construction.
Sources of Energy. Chemistry of Steam -raising. Chemistry of Lubrication and
Lubricants. Metallurgical Processes used in the Winning and Manufacture of
Metals. SECOND EDITION.

VOLUME II. The Chemistry of Manufacturing Processes. General Contents.

Sulphuric Acid Manufacture. Alkali, &c. Destructive Distillation. Artificial

Manure. Petroleum. Lime and Cement Clay and Glass. Sugar and Starch.

Brewing and Distilling. Oils, Resins, and Varnishes. Soap and Candles. Textiles
and Bleaching. Colouring Matters, Dyeing and Printing. Paper and Pasteboard.

Pigments and Paints. Leather, Glue, and Size. Explosives and Matches. Minor
Manufactures. FOURTH EDITION, Thoroughly Revised. Illustrated.

SECOND EDITION. In Large 8vo. Handsome Cloth. With 800 pages
and 154 Illustrations. 253. net.

OILS, FATS, BUTTERS, AND WAXES :

THEIR PREPARATION AND PROPERTIES, AND MANUFACTURE THERE-
FROM OF CANDLES, SOAPS, AND OTHER PRODUCTS.

BY C. R. ALDER WRIGHT, D.Sc., F.R.S.,
Late Lecturer on Chemistry, St. Marv's Hospital Medical School ; Examiner

in
"
Soap

"
to the City and Guilds of London Institute.

Thoroughly Revised, Enlarged, and in Part Rewritten

BY C. AINSWORTH MITCHELL, B.A., F.I.C., F.C.S.

"Will be found ABSOLUTELY INDISPENSABLE. ' The Analyst.
"Will rank as the STANDAKD ENGLISH AUTHORITY on OILS and FATS for

years to come." Industries and Iron.

In Two Volumes, Half Morocco, each complete in itself.

PHYSICO-CHEMICAL TABLES
For the Use of Analysts, Physicists, Chemical Manufacturers and

Scientific Chemists.

Volume I. Chemical Engineering, Physical Chemistry. 24s. net.

Volume II. Chemical Physics, Pure and Analytical Chemistry.
[Shortly.

BY JOHN CASTELL-EVANS, F.I.C., F.C.S.,
Lecturer on Inorganic Chemistry and Metallurgy at the Finsbury Technical College.

The Work comprehends as far as possible ALL RULES AND TABLES required by the

Analyst, Brewer, Distiller, Acid- and Alkali-Manufacturer, &c., &c. ; and also the prin-

cipal data in THERMOCHEMISTRY, ELECTRO-CHEMISTRY, and the various branches of

CHEMICAL PHYSICS. Every possible care has been taken to ensure perfect accuracy, and
to include the results of the most recent investigations.

IONDON: CHARLES GRIFFIN & CO,, LIMITED, EXETER STREET, STnANiX
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SIXTH EDITION, Thoroughly Revised. Fully Illustrated. 21s.

FOODS : THEIR COMPOSITION AND ANALYSIS.

BY A. WYNTER BLYTH, M.R.C.S., F.I.C., F.O.S.,

Barrister-at-Law, Public Analyst for the County of Devon, and
Medical Officer of Health for St. Marylebone.

AND M. WYNTER BLYTH, B.A., B.Sc., F.C.S.

GENERAL CONTENTS. History of Adulteration. Legislation. Apparatus.
" Ash."

Sugar. Confectionery. Honey. Treacle. Jams and Preserved Fruits. Starches.
Wheaten-Flour. Bread. Oats. Barley. Rye. Rice. Maize. Millet. Potatoes.
Peas. Lentils. Beans Milk. Cream. Butter. Oleo-Margarine. Cheese. Lard.
Tea. Coffee. Cocoa and Chocolate. Alcohol. Brandy. Rum. Whisky. Gin.
Arrack. Liqueurs. Absinthe. Yeast. Beer. Wine. Vinegar. Lemon and Lime
Juice. Mustard. Pepper. Sweet and Bitter Almonds. Annatto. Oilve Oil. Water
Analysis. Appendix : Adulteration Acts, &c.

" A new edition of Mr. Wynter Blyth's Standard work, ENRICHED WITH ALL THE RBCEXT
DISCOVERIES AND IMPROVEMENTS, will be accepted as a boon." Chemical Newt.

FOURTH EDITION, Thoroughly Revised. In Large 8vo, Cloth, with
Tables and Illustrations. 21s. net.

POISONS : THEIR EFFECTS AND DETECTION.

BY A. WYNTER BLYTH, M.R.C.S., F.I.C., F.O.S.,

Barrister-at-Law, Public Analyst for the County of Devon, and
Medical Officer of Health for St. Marylebone.

GENERAL CONTENTS. I. Historical Introduction. II. Classification Statistics

Connection between Toxic Action and Chemical Composition Life Tests General
Method of Procedure The Spectroscope Examination of Blood and Blood Stains.
III. Poisonous Gases. IV. Acids and Alkalies. V. More or less Volatile Poisonous
Substances. VI. Alkaloids and Poisonous Vegetable Principles. VII. Poisons derived
from Living or Dead Animal Substances. VIII. The Oxalic Acid Group. IX.

Inorganic Poisons. Appendix : Treatment, by Antidotes or otherwise, of Cases of

Poisoning.

"
Undoubtedly THB MOST COMPLETE WOHK on Toxicology in our language." The Analyst.

"As a PRACTICAL GCIDB, we know NO BBTTBR work." The Lancet (on the Third Edition).

Crown 8vo, Handsome Cloth. Fully Illustrated. IDS. 6d.

FLESH FOODS :

With Methods for their Chemical, Microscopical, and Bacterio-

logical Examination.

A Practical Handbook for Medical Men, Analysts, Inspectors and others.

BY C. AINSWORTH MITCHELL, B.A., F.I.C., F.C.S.
" A compilation which will be most useful for the class for whom it is intended." Athenteum.

IONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET. STRAND.
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SECOND EDITION. With Numerous Tables, Fully Illustrated.

DAIRY CHEMISTRY
FOE DAIRY MANAGERS, CHEMISTS, AND ANALYSTS

A Practical Handbook for Dairy Chemists and others

having Control of Dairies.

BY H. DROOP RICHMOND, F.I.C.,
CHEMIST TO THE AYLESBURY DAIRY COMPANY.

Contents. 1. Introductory. The Constituents of Milk. II. The Analysis of

Milk. III. Normal Milk : its Adulterations and Alterations, and their Detection.

IV The Chemical Control of the Dairy. V, Biological and Sanitary Matters.

VI. Butter. VII. Other Milk Products. VIII. The Milk of Mammals other

than the Cow. Appendices. Tables. Index.
11

. . . In our opinion the book is the BEST CONTRIBUTION ON THE SUBJECT THAT
HAS YKT APPEARED in the English language." Lancet (on the First Edition).

Fully Illustrated. With Photographs of Various Breeds of Cattle, &c.

6s. net.

MILK: ITS PRODUCTION & USES.
With Chapters on Dairy Farming, The Diseases of Cattle, and on the

Hygiene and Control of Supplies.

BY, EDWARD F. WILLOTJGHBY,
M.D. (Lond.), D.P.H. (Lond. and Camb.).

"We cordially recommend it to everyone who has anything at all to do with milk."

Dairy World.

In Crown 8vo, Fully Illustrated. 2s. 6d. net.

THE LABORATORY BOOK OF

DAIRY ANALYSIS.
BY H. DROOP RICHMOND, F.I.C.,

Analyst to the Aylesbury Dairy Co., Ltd.
" Without doubt the best contribution to the literature of its subject that has ever been!

written." Medical Times.
'

In Large Crown 8vo. Cloth. Fully Illustrated. 4s. 6d. net.

ELEMENTARY AGRICULTURAL CHEMISTRY.
BY HERBERT INGLE, B.Sc., F.I.C., F.C.S.

CONTENTS. Introduction. The Atmosphere. The Soil. Natural Waters. The
Plant. Manures. Crops. The Animal. Foods and Feeding. The Dairy. Miscel-
laneous. INDEX.

FIFTH EDITION, Revised Throughout. With 101 Illustrations.

In Cloth.

MICRO-ORGANISMS AND FERMENTATION.
BY ALFRED JORGENSEN.

TRANSLATED BY SAMUEL H. DAVIES, M.Sc.

CONTENTS. Microscopical and Physiological Investigations. Investigation of Fer-

mentation in Air and Water. Bacteria-moulds. Yeasts. Culture. BIBLIOGRAPHY.
INDEX.

LONDON : CHARLES 6RIFF1N & CO., LIMITED, EXETER STREET, STRAND.
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THIRD EDITION. In Handsome Cloth. Fully Illustrated. 21s. net.

PRINCIPLES AND PRACTICE OF BREWING.
FOR THE USE OF STUDENTS AND PRACTICAL MEN.

BY WALTER J. SYKES.

REVISED BY ARTHUR R. LING, F.I.C., F.C.S.,
Editor of the Journal of the Institute of Brewing.

CONTENTS. Physical Principles Involved. The Chemistry of Brewing. The
Microscope. Vegetable Biology. Fermentation. Water. Barley and Malting.
Arrangement of Brewery Plant. Quantities of Materials. Fermentation. Antiseptics.

Finings. Characteristics of Beer. Diseases of Beer. INDEX.
" A thorough and comprehensive text-book . . . up-to-date ... a standard

text-book." Brewers' Journal.

In Large 8vo. Complete in Two Volumes.

Each Volume Complete in Itself, and Sold Separately.

TECHNICAL MYCOLOGY:
The Utilisation of Micro-organisms in the Arts and Manufactures.

BY DR. FRANZ LAFAR,
Prof, of Fermentation-Physiology and Bacteriology in the Technical High School, Vienna.

TRANSLATED BY CHARLES T. C. SALTER.

Vol. I.-SCHIZOMYCHTIC FERMENTATION.
Vol. II. EUMYCETIC FERMENTATION.

NOTE. Part I. of Vol. II. was issued separately at 7s. 6d. Copies of Part II.,
Vol. II., have, therefore, been bound up to enable those possessing Part I. to complete
their copies.

"The first work of the kind which can lay claim to completeness in the treatment of
a fascinating subject. The plan is admirable, the classification simple, the style is good,
and the tendency of the whole volume is to convey sure information to the reader."
Lancet.

Crown 8vo, Handsome Cloth. With Diagrams. 7s. 6d. net.

[Companion Volume to "FERMENTS," by the same Author.]

TOXINES AND ANTITOXINES.
BY OARL OPPENHEIMER, PH.D., M.D.,

Of the Physiological Institute at Erlangen.

TRANSLATED FROM THE GERMAN BY

C. AINSWORTH MITCHELL, B.A., F.I.C., F.C.S.
With Notes, and Additions by the Author, since the publication of the German Editio*.

"For wealth of detail, we have no small work on Toxines which equals th one
under review." Medical Times

In Crown 8vo, Handsome Cloth. Price 7s. 6d. net.

FERMENTS : AND THEIR ACTIONS.
A Text-booh on the Chemistry and Physics of Fermentative Changes.

BY CARL OPPENHEIMER, PH.D., M.D.
TRANSLATED BY C. AINSWORTH MITCHELL, B.A., F.I.C., F.C.S.
" Such a veritable multum in parvo has never yet appeared." Brewers' Journal.

IONDON: CHARLES GRIFFIN & CO,, LIMITED, EXETER STREET, STRAND
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In Crown 8vo. Handsome Cloth. Fully Illustrated. 6s. net.

PEAT: Its Use and manufacture.
BY PHILIP R. BJORLING AND FREDERICK T. GISSING.

GENERAL CONTENTS. Introduction. The Formation of Peat. Area and Depth of Bogs in

Principal Countries.-Manufacture of Peat Fuel, &c.-Cut Peat, Dredged Peat, and Manufactured
Peat Machinery employed in the Manufacture of Peat Fuel. Peat Moss Litter, and the Machinery
employed in its Manufacture.-Peat Charcoal and its Manufacture. Cost of making Peat Fuel and
Charcoal. Other Productions derived from Peat, such as Tar, Manure, Candles, Dyes, Paper, &c.

BIBLIOGRAPHY. INDEX.

"The treatment throughout is clear and interesting . . . excellent plates," Engineering.

Companion Volume to the above. In Crown 8vo. Cloth. Fully Illustrated. 6s. net.

COMMERCIAL PEATs
Its Uses and Its Possibilities.

BY F. T. GISSING.
"A useful and instructive epitome of the development of the industry." Mechanical

Engineer.

SECOND EDITION, Revised. In Medium 8vo, Cloth. Illustrated.

I2s. 6d. net.

PAPER TECHNOLOGY;
AN ELEMENTARY MANUAL ON THE MANUFACTURE, PHYSICAL QUALITIES,

AND CHEMICAL CONSTITUENTS OF PAPER AND OF
PAPERMAKING FIBRES.

With Selected Tables for Stationers, Publishers, and Others.

BY R. W. SINDALL, F.C.S.

"
Exceedingly instructive and particularly useful." Paper Makers MonthlyJournal.

In Crown 8vo. Handsome Cloth. With 30 Illustrations. 6s. net.

THE CLAYWORKER'S HANDBOOK.
An Epitome of the Materials and Methods employed in Brichmahing and Pottery.

BY THE AUTHOR OF " THE CHEMISTRY OF CLAYWORKING," &0.

GENERAL CONTENTS. Materials used in Clayworking ; Clays, Engobes, Glazes, Colours,
Water, Fuel, Oils, and Lubricants. The Preparation of the Clay, Mining and Quarrying.
Weathering, Washing, Grinding, Tempering, and Pugging. Machinery ; Boilers, Engines, General
Machinery, Sieves, Mixing Machinery, Presses, &c. Dryers and Drying. Engobing and Glazing.
Setting or Charging, Transport. Kilns. Firing. Discharging, Sorting, and Packing. Defects

and Waste. Tests, Analysis and Control. BIBLIOGRAPHY. TABLES. INDEX.

"We can thoroughly recommend this handy little book to all our readers." Brick and,

Pottery Trades' Journal.

In Imperial 8vo. Strongly and Elegantly Bound in Half Leather.

2 2s. net.

CERAMIC LITERATURE.
Compiled, Classified, and Described by M. L. SOLON,

President of the English Ceramic Society.

An Analytical Index to the Works Published in all Languages on the History and
the Technology of the Ceramic Art ; also to the Catalogues of Public Museums, Private

Collections, and of Auction Sales in which the Description of Ceramic Objects occupy
an important place ; and to the most important Price Lists of the Ancient and Modem
Manufactories of Pottery and Porcelain.

LONDON: CHARLES GRIFFIN & CO,, LIMITED, EXETER STREET, STRANQ,
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In Medium 8vo. Fully Illustrated. Cloth.

MODERN METHODS OFSEWAGE JPURXFICATIONT.
BY G. BERTRAM KERSHAW,

Engineer to the Royal Commission on Sewage Disposal.

CONTENTS. Introduction. Historical. Conservancy Methods and Purification of

Sewage. Drainage Area and Water Supply. Sewerage Systems. Rainfall and Storm
Water. Variations in Flow of Sewage. Composition and Classification of Sewages.
Considerations to be Observed in Selecting the Site for Disposal Works. Preliminary
Processes. Sludge Disposal. Land Treatment. Contact Beds. Percolating Filters.

Treatment of Trade Refuse. Effluents and Standards. Appendix. INDEX.

In Large 8vo. Cloth. With 147 Illustrations. 15s. net.

A MANUAL OF

THE PRINCIPLES OF SEWAGE TREATMENT.
BY PROF. DUNBAR,

Director of the Institute of State Hygiene, Hamburg.

ENGLISH EDITION BY HARRY T. CALVERT, M.Sc., PH.D., F.I.C.,
Chief Chemical Assistant, West Riding of Yorkshire Rivers Board.

CONTENTS. Growth of River Pollution. Legal Measures taken by Central and Local
Authorities. Rise and Development of Methods of Sewage Treatment. Earlier Views
on Methods of Treatment. Characteristics of Sewage. Objects of Purification Works.
Methods for the Removal of Suspended Matters. For the Removal of Patrescibility.

Disinfection. Supervision and Inspection of Works. Utility and Cost. INDEX.
" We heartily commend the book as a peculiarly fair and impartial statement of the

present position of the sewage problem." Lancet.

Beautifully Illustrated, with Numerous Plates, Diagrams, and

Figures in the Text. 21s. net.

T R A D E S' WASTE:
ITS TREATMENT AND UTILISATION.

Handbook for Borough Engineers, Surveyors, Architects, and Analysts.

BY W. NAYLOR, F.O.S., A.M.lNST.C.E.,
Chief Inspector of Rivers, Ribble Joint Committee.

"There is probably no person in England to-day better fitted to deal rationally with
uch a subject." British Sanitarian.

SECOND EDITION. In Medium 8vo. Thoroughly Revised and Re-Written.

155. net,

CALCAREOUS CEMENTS:
THEIR NATURE, PREPARATION, AND USES.

^UVitl^ some Rexrasurlcs ujpon Gemexvt Testing.
BY GILBERT R. REDGRAVE. Assoc. INST. C.E.,

Assistant Secretary for Technology, Board of Education, South Kensington,

AND CHARLES SPACKMAN, F.C.S.
'We can thoroughly recommend it as a first-class investment." Practical Engineer,

In Handsome Cloth. 53. net.

A HANDBOOK FOR CEMENT WORKS' CHEMISTS.
BY FRANK B. GATEHOUSE, F.C.S.

GENERAL CONTENTS. Introduction. Chemicals and Apparatus. Books. Analysis and

Calculations of Raw Materials. Analysis of Fuel, Kiln Gases, Lubricants and Water.

Cement Analysis. Gypsum, Plaster, &c., Burnt Lime. APPENDICES. INDEX.

"Concise . . . excellent . . . a useful addition to Cement Literature."- Concrete.

LONDON: CHARLES GRIFFIN & fiO., LIMITED, EXETER STREET, STRAND.
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With Four Folding Plates and Numerous Illustrations. Large 8vo.
8s. 6d. net.WATER SXJII JLi Y:

A Practical Treatise on the Selection of Sources and the Distribution of Water.

BY REGINALD E. MIDDLETON, M.lNST.C.E., M.INST.MECH.E., F.S.I.

"As a companion for the student, and a constant reference for the technical man, we
anticipate it will take an important position on the bookshelf." Practical Engineer.

In Large Crown 8vo. Fully Illustrated. In Two Volumes.

VOLUME I. FOURTH EDITION. Price 7s. 6d. net.
,, II. THIRD EDITION. READY SHORTLY.

THE CHEMISTRY OF

GAS MANUFACTURE :

A Hand-Book on the Production, Purification, and Testing of Illuminating
Gas, and the Assay of the Bye-Products of Gas Manufacture.

BY W. J. ATKINSON BUTTERFIELD, M.A., F.I.C., F.O.S.,
Formerly Head Chemist, Gas Works, Beckton, London, E.

" The BEST WORK of its kind which we have ever had the pleasure of re-

viewing." Journal of Gas Lighting.

SECOND EDITION, Rewritten. Illustrated. 8s. 6d. net.ACETYLENE:
THE PRINCIPLES OF ITS GENERATION AND USE.

BY F. H. LEEDS, F.I.C., F.C.S.,
AND W. J. ATKINSON BUTTERFIELD, M.A., F.I.C., F.C.S.,

Consulting Chemist, Author of "The Chemistry of Gas Manufacture."

"We can thoroughly recommend the book to the manufacturer as a reliable work
of reference, to the user as supplying valuable hints on apparatus and methods of

procedure, and to the student as a safe and certain guide." Acetylene.

Large 8vo. Handsome Cloth. Price 16s. net.

FIRE AND EXPLOSION RISKS:
A Handbook of the Detection, Investigation, and Prevention of Fires and Explosions.

BY DR. YON SCHWARTZ.
Translated from the Revised German Edition by C. T. C. SALTER.
ABBRIDQED GENERAL CONTENTS. Fires and Explosions of a General Character

Dangers arising from Sources of Light and Heat. Dangerous Gases. Risks Attending
Special Industries. Materials Employed. Agricultural Products. Fats, Oils, and
Resins. Mineral Oils and Tar. Alcohol, &c. Metals, Oxides, Acids, &c. Lightning
Ignition Appliances, Fireworks.

"The work affords a wealth of information on the chemistry of fire and kindred
topics." Fire and Water.

In Handsome Cloth. With 59 Illustrations. 6s. net.SMOKE ABATEMENT.
A Manual for the Use of Manufacturers, Inspectors, Medical Officers of

Health, Engineers, and Others.

BY WILLIAM NICHOLSON,
Chief Smoke Inspector to the Sheffield Corporation.

" We welcome such an adequate statement on an important subject." British
Medical Journal.

LONDON: CHARLES GRIFFIN & CO,, LIMITED, EXETER STREET. STRAND.
A.
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FIFTEENTH EDITION, Thoroughly Revised. Price 6s.

PRACTICAL SANITATION:
A HAND-BOOK FOR SANITARY INSPECTORS AND OTHERS

INTERESTED IN SANITATION.

By GEORGE REID, M.D., D.P.H.,
Pcliow, Mem. Council, and Examiner, Sanitary Institute of Great Britain,

and Medical Officer to the Staffordshire County Council.

Witb an Bppen&fj on Sanitary 3Law.

By HERBERT MANLEY, M.A., M.B., D.P.H.,
Barrister-at-Law.

GENERAL CONTENTS. Introduction. Water Supply: Drinking Water, Pollution of

Water. Ventilation and Warming. Principles of Sewage Removal. Details of Drainage ;

Refuse Removal and Disposal. Sanitary and Insanitary Work and Appliances. Details of

Plumbers' Work. House Construction. Infection and Disinfection. Food, Inspection of;

Characteristics of Good Meat; Meat, Milk, Fish, &c., unfit for Human Food. Appendix:
Sanitary Law ; Model Bye-Laws, ,vc.

" A VERY USEFUL HANDBOOK, with a very useful Appendix. We recommend it not only to SANITARY
INSPECTORS, but to HOUSEHOLDERS and ALL interested in Sanitary Matters.'

1

Sanitary Record.

In Handsome Cloth. With 53 Illustrations. 35. 6d. net.

LESSONS ON SANITATION.
BY JOHN WM. HARRISON, M.R.SAN.L,

Mem. ncor. Assoc. Mun. and County Engineers; Surveyor, Wombwell, Yorks.

CONTENTS. Water Supply. Ventilation. Drainage. Sanitary Building Construction.
Infectious Diseases. Food Inspection. Duties of an Inspector of Nuisances and Common
Lodging-Houses. Infectious Diseases Acts. Factory and Workshop Acts. Housing of

the Working-Classes Act. Shop Hours Acts. Sale of Food and Drugs Acts. The Mar-
garine Acts. Sale of Horseflesh, &c., Rivers Pollution. Canal Boats Act. Diseases of

Animals. Dairies, Cowsheds and Milkshops Order. Model Bye-Laws. Miscellaneous.
INDEX.
"Accurate, reliable, and compiled with conciseness and care." Sanitary Record.

SECOND EDITION, Revised. In Crown 8vo. Handsome Cloth. Profusely
Illustrated. 8s. 6d. net.

SANITARY ENGINEERING:
A Practical Manual of Town Drainage and Sewage and Refuse Disposal,

For Sanitary Authorities, Engineers, Inspectors, Architects,
Contractors, and Students.

BY FRANCIS WOOD, A.M.lNST.C.E., F.G.S.,
Borough Engineer and Surveyor, Fulham ; late Borough Engineer, Bacup, Lanes.

0-ENERAL CONTENTS.
Introduction. Hydraulics. Velocity of Water in Pipes. Earth Pressures and Retaining

Walls. Powers. House Drainage. Land Drainage. Sewers. Separate System. Sewage
Pumping. Sewer Ventilation. Drainage Areas. Sewers, Manholes, &c. Trade Refuse.

Sewage Disposal Works. Bacterial Treatment. Sludge Disposal. Construction and
Cleansing of Sewers. Refuse Disposal. Chimneys and Foundations.
"The volume bristles with information which will be greedily read by those in need of assistance. The

book Is one that ought to be on the bookshelves of EVERY PRACTICAL ENGINEER. 'Sanitary Journal.
" A VERITABLE POCKET COMPENDIUM of Sanitary Engineering. ... A work which may. In

many respects, be considered as COMPLETE . . . COMMENDABLY CAUTIOUS . . . INTERESTING
. . . SUGGESTIVE." Public Health Enerineer.

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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SECOND EDITION. In Large Svo. Handsome Cloth. Beautifully
Illustrated. With Plates and Figures in the Text. 21s. net.

ROAD MAKING AND MAINTENANCE:
A Practical Treatise for Engineers, Surveyors, and Others.

WITH AN HISTORICAL SKETCH OP ANCIENT AND MODERN PRACTICE.

BY THOS. AITKEN, Assoc.M.lNST.O.E.,
Member of the Association of Municipal and County Engineers; Member of the Sanitary

Inst. ; Surveyor to the County Council of Fife. Cupar Division.

WITH NUMEROUS PLATES, DIAGRAMS, AND ILLUSTRATIONS.

CONTENTS. Historical Sketch. Resistance of Traction. Laying out
New Roads. Earthworks, Drainage, and Retaining Walls. Road
Materials, or Metal. Quarrying. Stone Breaking and Haulage. Road-

Rolling and Scarifying. The Construction of New, and the Maintenance
of existing Roads. Carriage Ways and Foot Ways.

" The Literary style is EXCELLENT. ... A COMPREHENSIVE and EXCELLENT Modern Book, an
DP-TO-DATE work. . . . Should be on the reference shelf of every Municipal and County
Engineer or Surveyor in the United Kingdom, and of every Colonial Engineer." The Surveyor.

In Handsome Cloth. Fully Illustrated. 10s. 6d. net.RUSTLESS ROADS.
TAR MACADAM.

BY J. WALKER SMITH,
City Engineer, Edinburgh.

CONTEXTS. Necessity for Improved and Standard Road Construction. Tar. Standardisation
of Matrix. Aggregate for Macadam Different Modes of Preparing and Laying. Mechanical
Mixing. Effects of Wear, Density, Porosity, Distribution of Weight. Scavenging ; Watering and
Maintenance. Camber ; Gradient, Noiselessness, Hygienic Advantages. Rolling. Tractive
Effort. Statistics. Tar Spraying on Ordinary Macadam Surfaces. APPENDICES. INDEX.

"The book is in every respect up-to-date and very suggestive. It is written by on
who has had unique opportunities for studying the subject, who has made himself
master of all its details, and who is not afraid to express his opinions thereon. It is,

therefore, practical in the best sense of the term." County and Municipal Record.

In Demy Svo. Handsome Cloth. With Many Tables. 6s. net.

THE THEORY AND PRACTICE OF

ENAMELLING ON IRON AND STEEL.
BY JULES GRTJNWALD,

Technical Chemist and Works' Manager.
CONTENTS. Introduction. The Raw Materials. The Mixing, Dissolving, and Appli-

cation of Enamel. Heating and Pickling Goods in the Rough. Correct laying on.

Baking Enamelled Ware. Decoration of Enamelled Objects. Photo-Ceramics in their

Application to Enamels. General and Statistical Chapter. The History of Enamels
and their Uses. INDEX.

In Large Svo. Handsome Cloth. With Plates and Illustrations. 75. 6d. net.

THE MANUFACTURE OF INK.
Handbook of the Production and Properties of Printing, Writing, and Copying Inks.

BY C. A. MITCHELL, B.A., F.I.C., F.C.S., & T. C. HEPWORTH.
"Thoroughly well arranged . . . and of a genuinely practical order." British Printer.

HONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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In Large 8vo. Handsome Cloth. Profusely Illustrated. 30s. net.

A TREATISE ON

COLOUR MANUFACTURE.
A Guide to the Preparation, Examination, and Application of all the

Pigment Colours in Practical Use.

BY GEORGE ZERR AND DR. R. RttBENCAMP.
AUTHORISED ENGLISH TRANSLATION BY DR. C. MAYER, OF BURQDORF.

'

"This comprehensive guide . . . useful and interesting." Oil and Colour Trades
Journal.

In Medium 8vo. Handsome Cloth. Price 10s. 6d. net.

TESTS FOR COAL-TAR COLOURS IN ANILINE LAKES,
BY GEORGE ZERR.

TRANSLATED BY DR. C. MAYER OF BURGDORF.

ABSTRACT OF CONTENTS. Introductory. Reactions of Aniline Lakes. Classification

of the Coal-Tar Colour Lakes according to Solubility. INDEX.

FOURTH EDITION, Revised and Enlarged. With Illustrations. I2s. 6d.

PAINTERS' COLOURS, OILS, AND VARNISHES:
A PRACTICAL MANUAL.

BY GEORGE H. HURST, F.C.S.

GENERAL CONTENTS. Introductory THE COMPOSITION, MANUFACTURED
ASSAY, and ANALYSIS of PIGMENTS, White, Red, Yellow and Orange, Green v

Blue, Brown, and Black LAKES Colour and Paint Machinery Paint Vehicles

(Oils, Turpentine, &c. t &c. )
Driers VARNISHES.

" A THOROUGHLY PRACTICAL book. . . . Satisfactorily treats of the manufacture or

oils, colours, and pigments." Chemical Trades' fournai.

In Crown 8vo. Handsome Cloth. With Illustrations. 5s.

THE PAINTER'S LABORATORY GUIDE.
A Student's Handbook of Paints, Colours, and Varnishes.

BY GEORGE H. HURST, F.C.S.

"This excellent handbook, . . . the model of what a handbook should be." Oils,

Colours^ and Drysalteries.

THIRD EDITION, Revised. In Crown 8vo. extra. With Numerous Illustra-

tions and Plates (some in Colours), including Original Designs. 12s. 6d.

Painting and Decorating:
A Complete Practical Manual for House

Painters and Decorators.

BY WALTER JOHN PEARCE,
LKCTCKKR AT THB MANCHESTER TECHNICAL SCHOOL FOR HOCSK-PAINTINO AND DECORATING.

"A THOROUGHLY USEFUL BOOK . . . GOOD, SOUND, PRACTICAL INFOR

MATION in a CLEAR and CONCISE FORM." Plumber and Decorator.
_
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CHEMISTRY AND TECHNOLOGY. 65

THIRD EDITION. In Large 8vo. Handsome Cloth. With 4 Plates

and Several Illustrations. i6s. net.

THE CHEMISTRY OF INDIA RUBBER.
Treatise on the Nature of India Rubber, its Chemical and Physical Examina-
tion, and the Determination and Valuation of India Rubber Substitutes.

Including the Outlines of a Theory on Vulcanisation.

BY CARL OTTO WEBER, PH.D.
"
Replete with scientific and also with technical interest. . . . The section on physical

properties is a complete resume of every thing known on the subject." India-rubberJournaL

In Handsome Cloth. Fully Illustrated. los. 6d. net.

THE MANUFACTURE OF RUBBER GOODS.
BY ADOLF HEIL AND DR. W. ESCH.

TRANSLATED BY EDWARD W. LEWIS, A.C.G.I., F.C.S.,
Chemist to Messrs. J. G. INGRAM & SON, London.

GENERAL CONTENTS. Raw Material and its Preparation. Vulcanisation. Rubber
Mixings. Manufacture of Soft Rubber Goods. Manufacture of Hard Rubber Goods.
Regeneration of Waste Rubber. Specific Gravity of Rubber Goods. INDEX.
"Can be recommended as a very practical and useful work." Nature.

In Large Crown 8vo. Fully Illustrated. 55. net.

GLUE, GEJL.ATINE,
AND THEIR ALLIED PRODUCTS,

A Practical Handbook for the Manufacturer, Agriculturist, and Student of Technology.

BY THOMAS LAMBERT,
Analytical and Technical Chemist.

CONTENTS. Historical. GLUE. GELATINE. Size and Isinglass. Treatment of Efflu-

ents produced in Glue and Gelatine Making. Liquid and other Glues, Cements, &c. Uses
of Glue and Gelatine. Residual Products. Analysis of Raw and Finished Products.
APPENDIX. INDEX.
"A sufficient account of modern methods of working, chiefly from a practical standpoint.

A book . . . of real value." Chemical News.

In Large 8vo. Handsome Cloth. Fully Illustrated. 155. net.

H,ElATHER TRAOES' CUEMISTRY.
A Practical Manual on the Analysis of Materials and Finished Products.

By S. R. TROTMAN, M.A., F.I.C.,
Public Analyst for the City of Nottingham, Member of the International Association

of Leather Trades' Chemists.

SYNOPSIS OF CONTENTS. Standard Solutions. Acids, Alkalies, &c. Water. Depilation
and Deliming. Fleshings, &c. Glue. Spent Liquors. Mineral and Vegetable Tanning
Agents. Oils. Soaps. Varnishes. Skin. Leather. Dyestuffs. Degreasing Agents.
Effluents. GLOSSARY. INDEX.

'Mr. Trotman has admirably succeeded in his aim. . . . Practically every section of

the leather trade chemistry is gone into." Leather Trades' Review.

In Crown 8vo. Handsome Cloth. 33. 6d. net.

THE CHEMISTRY OF THE COLLOIDS,
TRANSLATED FROM THE GERMAN OF DR. VICTOR POSCHL

BY DR. H. H. HODGSON.
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TEXTILE
SECOND EDITION, Thoroughly Revised Throughout. In Two Large

Volumes. Handsome Cloth. 5s.

A MANUAL OF DYEING:
FOR THE USE OF PRACTICAL DYERS, MANUFACTURERS, STUDENTS,

AND ALL INTERESTED IN THE ART OF DYEING.

BY
E. KNECHT, Ph.D., F.I.C., CHR. RAWSON, F.I.C., F.C.S.,

Head of the Chemistry and Dyeing Department of Late Head of the Chemistry and Dyeing Department
the Technical School, Manchester; Editor of "The of the Technical College, Bradford ;

Member
Journal of the Society of Dyers and Colourints

;

"
Council of the Society of Dyers and Colouriflta;;

And RICHARD LOEWENTHAL, Ph.D.
GENERAL CONTENTS. Chemical Technology of the Textile Fabrics-

Water Washing and Bleaching Acids, Alkalies, Mordants Natural

Colouring Matters Artificial Organic Colouring Matters Mineral Colour*

Machinery used in Dyeing Tinctorial Properties of Colouring Matters

Analysis and Valuation of Materials used in Dyeing, &c., &c.
" This authoritative and exhaustive work . . , the MOST COMPLETE we have yet seet

on the subject." Textile Manufacturer.

In Large 8vo y Handsome Cloth. Pp. i-xv + 4.05. 16s. net.

THE SYNTHETIC DYESTUFFS,
AND

THE INTERMEDIATE PRODUCTS FROM WHICH THEY ARE DERIVED.

BY JOHN CANNELL CAIN, D.Sc. (MANCHESTER AND TUBINGEN),
Technical Chemist,

AND JOCELYN FIELD THORPE, PH.D. (HEIDELBERG), F.R.S.,
Lecturer on Colouring Matters in the Victoria University of Manchester.

Part I. Theoretical. Part II. Practical. Part III. Analytical.
11 We have no hesitation in describing this treatise as one of the most valuable books

that has appeared. . . . Will give an impetus to the study of Organic Chemistry
generally." Chemical Trade Journal.

Companion Volume to Knecht & Haiuson's "Dyeing." In Large 8vo.

Handsome Cloth, Library Style. 16s. net.

A DICTIONARY OF

DYES, MORDANTS, & OTHER COMPOUNDS
USED IN DYEING AND CALICO PRINTING.

With Formulae, Properties, and Applications of the various substances described
and concise directions for their Commercial Valuation,

and for the Detection of Adulterants.

BY CHRISTOPHER RAWSON, F.I.C., F.C.S.,
Consulting Chemist to the Behar Indigo Planters' Association ; Co-Author of " A Manual

of Dyeing ;

"

WALTER M. GARDNER, F.C.S.,
Head of the Department of Chemistry and Dyeing, Bradford Municipal Technical College ;

Editor of the " Journ. Soc. Dyers and Colourists ;

"

AND W. F. LAYCOCK, Ph.D., F.C.S.,
Analytical and Consulting Chemiet.

"Turn to the book as one may on any subject, or any substance in connection with the
trade, and a reference is sure to be found. The authors have apparently left nothing out,"

Textile Mercury.
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In Crown 8vo. Cloth. With Numerous Illustrations. 6s. net.

THE COTTON WEAVERS' HANDBOOK.
A Practical Guide to the Construction and Costing of Cotton Fabrics,

with Studies in Design.

BY HENRY B. HEYLIN,
Of the Royal Technical Institute, Salford.

CONTENTS. Weaving. Designing. Weaves. The Power Loom and its Accessories.

Analysing or Dissection of the Cloth. Cloth Quoting or Costing. Division cf the Cotton
Industry in England. Yarns for Manufacturing Purposes. The Selection of Warp Yarns
and Yarn Testing. Read and Heald Counting and Calculations. Important Labour
Units in a Weaving Mill. Miscellany. -Illustrations of Machinery. Examination Ques-
tions. INDEX.
"Mr. Heylin's text-hook is a very reliable one. It is difficult to mark out any special

points among so much excellent matter." Dyer and Calico Printer.

Large 8vo. Profusely Illustrated with Plates and Figures in the Text.
16s. net.

THE SPINNING AND TWISTING OF LONG
VEGETABLE FIBRES

(FLAX, HEMP, JUTE, TOW, & RAMIE).
A Practical Manual of the most Modern Methods as applied to the Hackling, Carding

Preparing, Spinning, and Twisting of the Long Vegetable Fibres of Commerce.

BY HERBERT R. CARTER, Belfast and Lille.

GENERAL CONTENTS. Long Vegetable Fibres of Commerce. Rise and Growth of
the Spinning Industry. Raw Fibre Markets. Purchasing Raw Material. Storing and

Cords. Rope Making. The Mechanical Department. Modern Mill Construction.-
Steam and Water Power. Power Transmission.

" Meets the requirements of the Mill Manager or Advanced Student in a manner
perhaps more than satisfactory. . . . We must highly commend the work as repre-
senting up-to-date practice." Nature.

In Large 8vo, Handsome Cloth, with Numerous Illustrations. 9s. net.

TEXTILE FIBRES OF COMMERCE.
A HANDBOOK OF

The Occurrence, Distribution, Preparation, and Industrial Uses of the

Animal, Vegetable, and Mineral Products used in Spinning and Weaving.

BY WILLIAM L HANNAiN,
Lecturer on Botany at the Ashton Municipal Technical School, Lecturer on Cottou

Spinning at the Chorley Science and Art School. &c.
" USEFUL INFORMATION. . . . ADMIRABLE ILLUSTRATIONS. . . ."Textile Recorder.

In Large 8vo, with Illustrations and Printed Patterns. Price 2 is.TEXTILE PRINTI
A PRACTICAL MANUAL.

Including the Processes Used in the Printing ol

COTTON, WOOLLEN, SILK, and HALF-
SILK FABRICS.

BY C. F. SEYMOUR ROTHWELL, F.C.S.,
Vem. Soc. of Chem. Jnd. ; late Lecturer at the Afunic. Tech. School. Manchester.

" BY FAR THE BEST and MOST PRACTICAL BOOK on TEXTILE PRINTING which has yet been
brought out, and will long remain the standard work on the subject." Textile Mercury\.
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In Medium 8vo. Handsome Cloth. With about 750 Pages.

The PRINCIPLES & PRACTICE of TEXTILE PRINTING
BY E. KNECHT, PH.D., AND J. B. FOTHERGILL.

CONTENTS. Introduction. Alethods of Printing. Preparation of Cloth for Printing.
Preparation of Printing Colours. Treatment of Goods after Printing. Mordants.
Styles of Printing : (a) Direct ; (6) Dyed ; (c) Insoluble Azo-Colour ; (d) Discharge ;

(e) Resist or Reserve ; (/) Raised; (g) Printing of Linings ; (h) Metal Printing ; (i)Crepon
or "Crimp." Finishing of Printed Calicoes. Wool and Half Wool Printing. Silk and
Half Silk Printing. INDEX.

In Medium 8vo. Handsome Cloth. Fully Illustrated.

THE PRINCIPLES OF BLEACHING AND FINISHING
Br S. R. TROTMAN, M.A., F.I.C., AND E. L. THORP, M.I.MECH.E.

CONTENTS. Structure of Cotton Fibre. Constituents of Cotton Fibre. Cotton Testing.
Carbohydrates. Water. Bacteria in Bleaching. Cotton Piece Goods. Steeping.

Transmission of Cloth. Alkali Boiling. Soap. Soap Making. Organic Solvents.
Keirs. Washing Machines. Bleaching and Bleaching Powder. Bleaching and Souring
Apparatus. Sodium Hypochlorite and Electrolytic Bleaching Solutions. Other Bleach-
ing Agents. Souring Acids and Souring Apparatus. Processes. Coloured Goods.
Stains and DiscolDurations. Finishing and Materials Used. Mangling, Drying, and
Conditioning. Stiffening and Mangles. Auxiliary Machines and Processes. Stenters.

Beetling. Calendering. Finishing Processes. INDEX.

Large 8vo. Handsome Cloth. 12s. 6d.

BLEACHING & CALICO-PRINTING.
A Short Manual for Students and Practical Men.

BY GEORGE DUERR,
Director of the Bleaching, Dyeing, and Printing Department at the Accrington and Bacup

Technical Schools ; Chemist and Colourist at the Irwell Print Works.

ASSISTED BY WILLIAM TURNBULL
(of Turnbull & Stockdale, Limited).

With Illustrations and upwards of One Hundred Dyed and Printed Patterns

designed specially to show various Stages of the Processes described.

"Mr. DUBRR'S WORK will be found MOST USEFUL. . . . The information given is of QRBAT
VALUB. . . . The Recipes are THOROUGHLY PRACTICAL," Textile Manufacturer.

SECOND EDITION. New Appendix. Cloth. 76 Illustrations. 55. net.

DYEING AND CLEANING,
BY FRANK J. FARRELL, M.Sc., &c.

GENERAL CONTENTS. Technology of the Textile Fibres. Dry
Cleaning. Wet Cleaning. Dyeing. Dry Dyeing. Special Methods,
Cleaning and Dyeing Skin Rugs, Feathers, and Hats. Finishing.
APPENDIC KS. INDEX.
"
Timely and valuable . . . well got up in every way." Dyer and Calico Printer.

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET. STRAND.
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THIRD EDITION, Revised, Enlarged, and Re-issued. Price 6s. net.

A SHORT MANUAL OF

INORGANIC CHEMISTRY,
BY A. DUPRE, Ph.D., F.R.S.,

AND WILSON HAKE, Ph.D., F.I.O., F.C.S.,
Of the Westminster Hospital Medical School.

"AN BXAMPLB OF THE ADVANTAGES OF THE SYSTEMATIC TREATMENT Of a Science
over the fragmentary style so generally followed. BY A LONG WAY THE BEST of the small
Manuals for Students.'

1

Analyst.

In Handsome Cloth. With nearly 50 Illustrations. 3s. 6d. net.

THE ELEMENTS OF CHEMICAL ENGINEERING.
BY J. GROSSMANN, M.A., PH.D., E.I.C.

WITH A PREFACE BY

SIR WILLIAM RAMSAY, K.C.B., F.R.S.
CONTENTS. The Beaker and its Technical Equivalents. Distilling Flasks, Liebig's

Condensers. Fractionating Tubes and their Technical Equivalents. The Air-Bath and
its Technical Equivalents. The Blowpipe and Crucible and their Technical Equivalents.
The Steam Boiler and other Sources of Power. General Remarks on the Application

of Heat in Chemical Engineering. The Funnel and its Technical Equivalents. The
Mortar and its Technical Equivalents. Measuring Instruments and their Technical
Equivalents. Materials Used in Chemical Engineering and their Mode of Application.
Technical Research and the Designing of Plant. Conclusion. Chemicals and Materials.
INDEX.

"Excellent. . . . Every student of chemistry attending a technical course should
obtain a copy.

'

Chemical News.

LABORATORY HANDBOOKS BY A. HUMBOLDT SEXTON,
Professor of Metallurgy in the Glasgow and West of Scotland Technical College.

OUTLINES OF QUANTITATIVE ANALYSIS.
FOR THE USE OF STUDENTS.

With Illustrations. FIFTH EDITION. Crown 8vo, Cloth, 3s.

" A COMPACT LABORATORY ouiDK for beginners was wanted, and the want has

been WELL SUPPLIED. ... A good and useful book." Lancet.

OUTLINES OF QUALITATIVE ANALYSIS.
FOR THE USE OF STUDENTS.

With Illustrations. FOURTH EDITION, Revised. Crown 8vo, Cloth, 3a. 6d.
" The work of a thoroughly practical chemist." British Medical Journal.
"
Compiled with great care, and will supply a want." Journal of Education.

ELEMENTARY METALLURGY:
Including the Author's Practical Laboratory Course.

[See p. 51,
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THIRD EDITION, Revised and Enlarged. Large Crown 8vo, with numerous
Illustrations. 35. 6d.

THE FLOWERING PLANT,
WITH A SUPPLEMENTARY CHAPTER ON FERNS AND MOSSES,

As Illustrating the First Principles of Botany.

BY J. R. AINSWORTH DAVIS, M.A., F.Z.S.,
Prof, of Bioloev, University College, Aberystwyth ; Examiner in Zoology,

University of Aberdeen.

"
It would be hard to find a Text-book which would better guide the student to an accurate

knowledge of modern discoveries in Botany. . . . The SCIENTIFIC ACCURACY of statement,
and the concise exposition of FIRST PRINCIPLES make it valuable for educational purposes. In
the chapter on the Physiology of Flowers, an admirable resumi, drawn from Darwin, Hermann'
Mailer, Kerner, and Lubbock, of what is known of the Fertilization of Flowers, is given."-
Journal ofBotanv.

POPULAR WORKS ON BOTANY BY MRS. HUGHES-GIBB,

With Illustrations. Crown 8vo. Cloth. 2s. 6d

HOW PLANTS LIVE AND WORK:
A Simple Introduction to Real Life in the Plant-world, Based on Lessons;

originally given to Country Children.

BY ELEANOR HUGHES-GIBB.
** The attention of all interested in the Scientific Training of the Young is requested to this

DiLi&HTFULLY FRESH and CHARMING LITTLE BOOK. It ought to be in the hands of every Mother
and Teacher throughout the land.
" The child's attention is first secured, and then, in language SIMPLE, YET sciBNTiPiCALf.T

ACCURATE, the first lessons in plant-life are set before it." Natural Science.
"In every way well calculated to make the study of Botany ATTRACTIVE to the young."-

Scottnum.

With Illustrations. Crown 8vo. Gilt 2s. fc5d.

THE MAKING OF A DAISY;
"WHEAT OUT OF LILIES;"

And other Studies from the Plant World.

A Popular Introduction to Botany.

BY ELEANOR HUGHES-GIBB,
Author of How Plants Live and Work.

" A BRIGHT little introduction to the study of Flowers." Journal 01 botany." The book will afford real assistance to those who can derive Pleasure from the study or

Nature in the open. . . . The literary style is commen ;a'e 'Knowledge.

: CHARLES GRIFFIN & CO,, LiM.fEI). EXETER STREET, 8TRANO
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"Boys COULD NOT HAVE A MORE ALLURING INTRODUCTION to scientific pursuit*
than these charming-looking volumes." Letter to the Publishers from the Head-
master of one of our great Public Schools.

SECOND EDITION, Revised. Handsome Cloth. 6s. net.

STUDIES Ifl BOTAflY:
SKETCHES OF BRITISH WILD FLOWERS

IN THEIR HOMES.

BY K LLOYD PRAEGER, B.A., M.R.I.A.

Illustrated by Drawings from Nature by S. Rosamond Praeger,
and Photographs by R. Welch.

GENERAL CONTENTS. A Daisy-Starred Pasture Under the Hawthorne

By the River Along the Shingle A Fragrant Hedgerow A Connemara

Bog Where the Samphire grows A Flowery Meadow Among the Corn

(a Study in Weeds) In the Home of the Alpines A City Rubbish-Heap
Glossary.

"A FRESH AND STIMULATING book . . . should take a high place . . . The
Illustrations are drawn with much skill." The Times.

" BEAUTIFULLY ILLUSTRATED. . . . One of the MOST ACCURATE as well as

INTERESTING books of the kind we have seen." Athenaeum.
"Hedolent with the scent of woodland and meadow." The Standard.

With 12 Full-Page Illustrations from Photographs. Cloth.

Second Edition, Revised. 8s. 6d.

STUDIES Ifl GEOLOGY:
An Introduction to Geology Out-of-doors.

BY GE-ENVILLE A. J. COLE, F.G.S., M.R.I.A.,
Professor of Geology in the Royal College of Science for Ireland,

and Examiner in the University of London.

GENERAL CONTENTS. The Materials of the Earth A Mountain Hollow
Down the Valley Along the Shore Across the Plains Dead Volcanoes
A Granite Highland The Annals of the Earth The Surrey Hills The

Voids of the Mountains.
"The FASCINATING ' OPEN-AIR STUDIES' of PROF. OOLK give the subject a GLOW OF

ANIMATION . . . cannot fail to arouse keen interest in geology." Geological Magazine.
"A CHARMING BOOK, beautifully illustrated." Athenaeum.

Beautifully Illustrated. With a Frontispiece in Colours, and Numerous
Specially Drawn Plates by Charles Whymper. 7s. 6d.

STUDIES
SKETCHES OF BRITISH BIRDS IN THEIR HAUNTS.

BY CHARLES DIXOK
The Spacious Air. The Open Fields and Downs. In the Hedgerows. On

Open Heath and Moor. On the Mountains. Amongst the Evergreens.
Copse and Woodland. By Stream and Pool. The Sandy Wastes and Mud-
flats. Sea-laved Rocks. Birds of the Cities. INDEX.
"Enriched with excellent illustrations. A welcome addition to all libraries." West-

minster Review.
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AN ELEMENTARY TEXT -BOOK OF PHYSICS.

BY R. WALLACE STEWART, D.Sc. (LoND.)

In Four Volumes. Crown 8uo. Cloth. Each Fully Illustrated.

Sold Separately.

VOL. I. Uniform with Vols. II. to IV. and Fully Illustrated.

GENERAL PHYSICS.
Now IN THE PRESS. Will be ready very shortly.

VOL. II. JUST PUBLISHED. Profusely Illustrated. 2s. 6d. net.

SOUND.
CONTENTS. Simple Harmonic Vibration. Production of Sound.

Wave Motion. Propagation of Sound. Characteristics of Sound. Re-
flection and Refraction of Sound. Velocity of Sound in Air and Water.
Transverse Vibration of Strings. Longitudinal Vibration of Rods and
Columns of Air. INDEX.

" Should supply the much-felt need of an elementary treatment of this subject . .

distinctly good." Nature.

VOL. III. JUST PUBLISHED. With 142 Illustrations. 3s. 6d. net.

LIGHT.
CONTENTS. Introductory. Rectilinear Propagation of Light.

Photometry. Reflection at Plane Surfaces. Reflection at Spherical
Surfaces. Refraction. Refraction through Lenses. Dispersion. INDEX.

" This elementary treatise resembles Part II. (Sound) in its attractiveness . . . the

treatment is good . . . excellent diagrams . . . very clear." Journ. of Inst. of

Teachers in Technical Institutes.

VOL. IV. JUST PUBLISHED. With 84 Illustrations. 3s. 6d. net.HEAT.
CONTENTS. Introductory. Thermometry. Expansion of Solids.

Expansion of Liquids. Expansion of Gases. Calorimetry. Specific
Heat. Liquefaction and Solidification. Vaporisation and Condensation.
Conduction of Heat. Convection. Mechanical Equivalent of Heat.

Radiation. INDEX .

In Large 8vo. With Bibliography, Illustrations in the Text, and
Seven Plates. 12s. 6d.

THE MEAN DENSITY OF THE EARTH.
An Essay to which the Adams Prize was Adjudged in 1893 in the University of Cambridge

BY J. H. POYNTING, Sc.D., F.R.S.

"Cannot fail to be of great and general interest." Athenaeum.
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In Five Volumes. Large 8vo. Sold Separately.

A TEXT-BOOK OF PHYSICS.
By J. H. POYNTING, Sc.D., T.R.S,,

Professor of Physics, Birmingham University,

And Sir J. J. THOMSON, M.A., P.B.S.,
Professor of Experimental Physics in the University of Cambridge.

INTRODUCTORY VOLUME. FIFTH EDITION, Revised. Fully Illustrated.

10s. 6d.

OF
CONTENTS. Gravitation. The Acceleration of Gravity. Elasticity. Stresses and

Strains. Torsion. Bending of Bods. Spiral Springs. Collision. Compressibility of

Liquids. Pressures and Volumes of Gases. Thermal Effects Accompanying Strain.

Capillarity. Surface Tension. Laplace's Theory of CapiLarity. Diffusion of Liquids
Diffusion of Gases. Viscosity of Liquids. INDEX.

"We regard this book as quite indispensable not merely to teachers but to physicists of every
grade above the lowest." University Correspondent.

VOLUME II. FIFTH EDITION. Fully Illustrated. Price 8s. 6d.

SOUND".
CONTENTS. The Nature of Sound and its chief Characteristics. The Velocity of Sound

In Air and other Media. Reflection and Refraction of Sound. Frequency and Pitch of
Notes. -Resonance and Forced Oscillations. Analysis of Vibrations. The Transverse
Vibrations of Stretched Strings or Wires. Pipes and other Air Cavities. Rods. Plates.
Membranes. Vibrations maintained by Heat, Sensitive Flames and Jets. Mnsica)

Sand. The Superposition of Waves. INDEX.

" The work . . . may be recommended to anyone desirous of possessing an EAST
CP-TO-DATE STANDARD TREATISE on Acoustics." Literature.

VOLUME III. THIRD EDITION, Revised. Fully Illustrated. Price 15s.

HEAT.
CONTENTS. Temperature. Expansion of Solids. Liquids. Gases. Circulation

and Convection. Quantity of Heat ; Specific Heat. Conductivity. Forms of Energy ;

Conservation ; Mechanical Equivalent of Heat. The Kinetic Theory Change of State ;

Liquid, Vapour. Critical Points. Solids and Liquids. Atmospheric Conditions.
Radiation. Theory of Exchanges. Radiation and Temperature. Thermodynamics.
Isothermal and Adiabatic Changes. Thermodynamics of Changes of State, and Solu-
tions. Thermodynamics of Radiation. INDEX.

"Well up-to-date, and extremely clear and exact throughout. ... As clear as
it would be possible to make such a text-book "Mature.

Remaining Volumes in Preparation

LIGHT; MAGNETISM AND ELECTRICITY.
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In Crown 8vo. With Diagrams. Cloth.

AN INTRODUCTION TO

THE THEORY OF STATISTICS.
BY G. UDNY YULE,

Honorary Secretary of the Hoyal Statistical Society of London, &c.

CONTENTS. Introduction. Part I. The Theory of Attributes. Notation and
Terminology. Consistence. Association. Partial Association. Manifold Classifica-

tion. Part II. The Theory of Variables. Frequency Distribution. Averages.
Measures of Dispersion, &c. Correlation. Do., Practical Applications and Methods.
Miscellaneous Theorems Involving the use of the Correlation Coefficient. Partial
Correlation. Part III. Theory of Sampling. Simple Sampling of Attributes.
Effects of Removing the Limitations of Simple Sampling. The Binomial Distribution
and the Normal Curve. Normal Correlation. The Simpler Cases of Sampling for
Variables. Percentiles and Mean.

Twenty-sixth Annual Issue. Handsome cloth, 7s. 6d.

(To Subscribers, 6s.).

THE OFFICIAL YEAR-BOOK
OK THH

SCIENTIFIC AND LEARNED SOCIETIES OF GREAT BRITAIN
AND IRELAND.

COMPILED FROM OFFICIAL SOURCES.

Comprising (together with other Official Information) LISTS of the

PAPERS read during the Session 1908-1909 before all the LEADING
SOCIETIES throughout the Kingdom engaged in the following Depart-
ments of Research :

i. Science Generally : i.e., Societies occupy-

ing themselves with several Branches of

Science, or with Science and Literature

jointly.

5 2. Mathematics and Physics.

j. Chemistry and Photography.
4. Geology, Geography, and Mineralogy.
$. Biology, including Microscopy and An-

thropology.

6. Economic Science and Statistics.

7. Mechanical Science, Engineering, and
Architecture.

8. Naval and Military Science.

9. Agriculture and Horticulture.
10. Law.
11. Literature
12. Psychology.
13. Archaeology.

14. MEDICINE.

"FILLS A VERY REAL WANT." Engineering.
"INDISPENSABLE to any one who may wish to keep himself abreast of the scientific

work of the day." Edinburgh Medical Journal,
"

It goes almost without saying that a Handbook of this subject will be in time
one of the most generally useful works for the library or the desk." The Times.

Copies of the FIRST ISSUE, giving an Account of the History,

Organization, and Conditions of Membership of the various

Societies, and forming the groundwork of the Series, may still be

had, price 7/6. Also Copies of the Issues following.

LONDON: CHARLES GRIFFIN A CO,, LIMITED, EXETER STREET, STRAND.
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ELEMENTARY ENGINEERING WORKS.

SECOND EDITION. In Crown 8vo. Handsome Cloth. Illustrated. 5s. net.

MECHANICAL ENGINEERING
IFOIR, BZEO-XlsrisriEIRS-

BY E. S. M 'LA REN.
CONTENTS. Materials. Bolts and Nuts, Studs, Set Screws. Boilers. Steam Raising

Accessories. Steam Pipes and Valves. The Steam Engine. Power Transmission. Con-
densing Plant. The Steam Turbine. Electricity. Hydraulic Machinery. Gas and Oil

Engines. Strength of Beams, and Useful Information. INDEX.

" The best of its kind we have seen, and should be in the hands of every apprentice."
Steamship.

PROFESSOR JAMIESON'S INTRODUCTORY MANUALS.
Crown 8vo. With Illustrations and Examination Papers.

STEAM AND OTHER HEAT ENGINES (Elementary Manual of).
For First-Year Students, forming an Introduction to the Author's larger Work.
TWELFTH EDITION, Revised and Enlarged. 3s. 6d.

"Should be in the hands of EVERY engineering apprentice." Practical Engineer.

MAGNETISM AND ELECTRICITY (Practical Elementary Manual
Of). For First-Year Students. With Stud. Inst.C.E. and B. of E. Exam. Questions.
EIGHTH EDITION, Revised and Enlarged. 3s. 6d.

" A THOROUGHLY TRUSTWORTHY Text-book. PRACTICAL and clear." Nature.

APPLIED MECHANICS (Elementary Manual of). For First-Year
Students. With B. of E., C. and G., and Stud. Inst.C.E. Questions. NINTH
EDITION, Revised and Greatly Enlarged. 3s. 6d.

"The work has VERY HIGH QUALITIES, which may be condensed into the one word
u
CLEAR.' "

Science and Art.

TEXT-BOOK OF ENGINEERING DRAWING AND DESIGN. By
SIDNEY H. WELLS, WH.SC. VOL. I. Practical Geometry, Plane and Solid. SIXTH
EDITION. 4s. 6d. VOL. II. Machine and Engine Drawing and Design. FIFTH
EDITION. 4s. 6d. The volumes sold separately.

AN ELEMENTARY TEXT -BOOK OF MECHANICAL DRAWING.
By JOHN E. JAGGER, M.Sc., WH.SC. Profusely Illustrated. 10s. 6d. net.

HINTS ON STEAM ENGINE DESIGN AND CONSTRUCTION. By
CHARLES HURST. SECOND EDITION. With 32 Illustrations. Is. 6d. net.

THERMO-DYNAMIC PRINCIPLES OF ENGINE DESIGN. By LIONEL
HOBBS, R.N., Instructor in Applied Mechanics and Engine Design at the Royal
Naval College, Greenwich. 4s. 6d. net.

PRACTICAL CALCULATIONS FOR ENGINEERS. By C. E. LARARD,
A.M. Inst.C.E., and H.A. GOLDING, A.M.I Mech.E. SECOND EDITION. 6s. net.

TELEGRAPH SYSTEMS, and Other Notes. By ARTHUR CROTCH,
of the Engineer-in-Chiefs Dept., G.P.O. With 222 Illustrations. 5s. net.

THEODOLITE SURVEYING AND LEVELLING. By Prof. JAMES
PARK, F.G.S. In Crown 8vo. Cloth. Illustrated. 6s. net.
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SCIENTIFIC ROMANCES,

HIS MAJESTY THE KING has most graciously condescended
to accept a copy of each of these books.

BY JOHN MASTIN, F.S.A.ScoT., F.L.S., F.C.S., F.R.A.S.,

F.R.M.S., F.B.A.

In Crown 8vo. Handsome Cloth. Gilt Lettering, Price 6s.

THROUGH THE SUN IN AN
AIRSHIP.

A THRILLING SCIENTIFIC ROMANCE.
" An immense display of resource and knowledge on the part of the author . . .

the adventures and discoveries are well worth following." Times Literary Supplement.
" Mr. Mastiu manages to make his tale absorbing at all points, the interest never

slackens, his imagination never fails. The suggestions opened out are numerous and

appaling. Some of the discussions are on very deep subjects, and though they do not
lead us far, and are hardly as illuminating as the utterances of poets, they are put
down soberly and in a convincing manner, which shows that the author takes his work
seriously. His scientific knowledge aids him well in his task, and has enabled him to

produce a fine novel as attractive to boys as to grown up people." Daily Telegraph.

COMPANION VOLUME TO THE ABOVE.

In Crown 8vo. Uniform with the above. Price 3s. 6d.

THE STOLEN PLANET.
SOME PRESS OPINIONS OF THIS.

"Certain it is that the reading of this capital story will prove exciting, for compared
with the adventures therein written, the books of Jules Verne and H. G. Wells read
like the placid pages of Miss Austen's novels.

'

Daily Telegraph.
"Mr. Mastin's ingenious and engaging fantasy . . . he is to be commended for

resource, ingenuity, and persistent vigour of narrative." Glasgow Herald.
" It is a graphic and exciting tale." Times.

THE ADVENTURES OF A SOUTH POLAR EXPEDITION

In Crown 8vo. Handsome Cloth. Price 6s.

THE IMMORTAL LIGHT.
PR ESS OPINIONS.

<; More daring than Poe's ' Narrative of Arthur Gordon Pym of Nantucket' is Mr.
Mastin's romance of Antarctic adventure; for Poe, having introduced a giant 'of the

perfect whiteness of the snow,' regrets the loss of his crowning chapters. Certainly, if

the mutter which they contained 'relative to the Pole itself, or at least to regions in

its very near proximity,' was as sensational as 'The Immortal Light,' the loss is deplor-
able. . . . The story is wildly improbable, but confronts incredulity with a

considerable display of scientific detail. A strong religious feeling animates the last

part of the book." Athenaeum.

These three volumes are uniform in size and binding.

LONDON: CHARLES GRIFFIN & CO,, LIMITED, EXETER STREET, STRAND.






